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let Halley Flyby Mission 

■ mission to Halley should be designed to maximize the 
e In terms of the objectives of the comet exploration 
cm set down by the NASA Comet Science Working 

■ and the Space Science Board (Report of the Comef 
= e Working Group , NASATM 80543, 1979; Strategy 

• Exploration of Primitive Solar System Bodies— Aster- 
'omets, and Meteoroids: 19B(b1990, Committee on 
try and Lunar Exploration, Space Science Board, 

\ -gton, DC, 1 980). In order of priority, these objectives 

0 Jetermlne the chemical nature and physical structure 
to,, nuclei and to characterize the changes that occur as 
ar of time and orbital position; 

■ haracterize the chemical and physical nature of the 
fe ierea and Ionospheres of comets, as well as the pro- 
dr 'lai occur In them, and to characterize the develop- 
Ik Its atmospheres and Ionospheres as functions of 
n orbital position; and 

n Jetermlne the nature of comet tails and of the pro- 
11 y; which they are formed and to characterize the In- 
(1 1 of comets with the solar wind, 
tf articular context of a Halley mission, these can 
q it as follows: 

otermlne the appearance of the nucleus of Comet 

1 Infer (a) size and shape, (b) structure, (c) hetero- 

2Jm£^££hemlcal composition and physfcal 
| ~hot!u^^ 3 and nonvolat,,e matQrlal emitted by 

: 'Aaclerlze the processes that occur In bright, active 
jie Halley and new comets). Including (a) chemical, 

? an d plasma processes In the atmosphere and lono- 
(b) dynamics of dust and ice grains; (c) interaction 
■ r the solar wind and the coma; and (d) structure and 
-p . ^ of the tails. 
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”’ w ' T hls Image of the terrain of the conterminous Unfteo 
states was composed by an Optronics eyatem from about 550,000 
•verage elevation points provided by the U.S. Department of De- 
contour lnl ®rval of 121 m woe used between 1'5- and 6O0-m 
tovaiton. and one of 61 9 m above that elevation. The outline of the 
ontermlnoue United States Is not precise beoauee the contours be- 
•ln at an altitude of 15 m. 

Well-known geotoglo features like the Mississippi Embayment, ihe 
snake River Plain, the Basin and Range, and various mountain ' 
•angse are readily recognizable. Of perhaps greater Interest are fea- 
tures and characteristics not previously recognized or reported In the 
literature. For example, an arcuate zone that Inofudea Lakes Ontario 
wto Erie extends from the St. Lawrence Valley to the west border of 
j i' tt c ® rr ®*Ponda approximately to part of a predicted zone of 
ortrae deformation caused by the Pleistocene ice toad. The highlands, 
ofthe western United States exhibit a blocklike outline to the north 
and east, being delimited by a boundary extending from south cen- 
tra] Texas to northeast Iowa and thence wert to the Olympic Penln- 
euiaof Washington. The east boundary is the dividing line between 
typical eastern and western topographic expression; Jt la also. the ' 
approximate location of seismicity associated with the.Nemahq Up- '= 
nit. The central ahd southern Appalachians show asurprfelngtyw- 
• pular outline, particularly In contrast to the Appalachian teetufesofj 
Jhe northeast Much of the comptet etruoiure of the we^t coaat pf the 
Panted states le overly deptetetf. Artafys^ of ferrafri date bf the esst- 
»*m IMed aygge^ ftcO'mBlatkx) between tegfone bf setamW- . 
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Fig. 1. The Halley Intercept Mission spacecraft. 

These alms lead to a number of practical requirements on 
any mission to Halley: 

(1 ) Accurate targeting of the spacecraft to a preselected 
point within the zone of parent molecules next to the nucleus. 

(2) Good Imaging of Ihe nucleus. 

(3) An 'observatory phase’ during which Imaging of the tail 
and coma at progressively increasing spatial resolutions will 
be obtained. 

(4) Sufficiently long observation time for In situ measure- 
ments to cover the full 1 0 7 -km scale of phenomena at Halley. 

The Halley Intercept Mission Is based on a three-axis-sta- 
bliized spacecraft. This allows significantly better imaging 
than can be achieved with moat spinning spacecraft. A fram- 
ing camera on a fixed-attitude spacecraft is the best means 
of achieving en observatory phase during which sequences 
of pictures are taken of the comet's tails and extended coma. 
Furthermore, with a framing camera, onboard optical navlga- 

Halley Intercept Mission Typical Payload 
- Instrument Maas, kg Power, W Dale, kbps 


tlon can deJlvsr the spacecraft to the selected point In the 
target plans with an accuracy of ±90 km (1 cr); the most opti- 
mistic estimate of delivery accuracy without onboard naviga- 
tion is ±500 km (Giotto). With optical navigation, It Is thus 
possible to make sure the spacecraft passes through ihe 
zone of parent molecules which extends ~ 10 3 km from Ihe 
nucleus, on the sunlit side, at a great enough distance to 
avoid smear fn the highest resolution pictures. 

The Halley Intercept spacecraft (see figure) has a total 
mass of -1600 kg, of which 300-400 kg will be allotted !o thB 
duel shield and - 125 kg to the science payload. A possible 
science payload is summarized In the table. 

Halley goes through perihelion (0.6 AU) on February 9, 
1986. A major advantage of the Halley Intercept Mission Is 
that ft can Intercept the comet either before or after periheli- 
on.— PMB® 

Earth Radiation Budget Satellite 

A satellite to measure the earth's radiation budget Is lobe 
Integrated, tested, and delivered ready for launch on the 
space shuttle by April 1 9B4. Although there have been Earth 
radiation budget instruments in NASA's experimental NIM- 
BUS 6 and 7 spacecraft, this will be the first time this factor 
can be measured on a global basis over a 24-hour day. The 
earth absorbs more solar energy In some regions and emits 
more thermal energy In others. This heating differential sets 
wind and ocean currents In motion to Irans/er heat from 
heated tooooled areas. Hence, the earth's radiation budget, 
as a driving force for weather, Is one of the factors on which 
comprehensive data are needed lor better weather and 
climate predictions. 

The satellite, with Its Earth Radiation Budget Experiment 
Instruments, will become part of a Ihree-spacecraft system, 
with NOAA-F and -G, to use scanning and nonscanning radi- 
ometers to measure the amount ol solar radiation received 
and given up by different regions of the earth. The satellite 
will Include systems for power, command and data handling, 
attitude control (three-axis stabilized), orbit adjust, as well as 
a thermal control. The spacecraft will communicate via the 
Tracking Data and Relay Satellite System. After launch by 
the space shuttle, the satellite will boost Itself into a 60O-km 
(373-mlle) circular orbit, Inclined 46* to the equator 

The Ball Aerospace Systems Division of Bail Corp., Boul- 
der, Colorado, will provide the Earth Radiation Budget Satel- 
lite as well as its mission operations support. The contractor's 
proposed estimate of this cost-plus-award fee contract is ap- 
proximately $21 million . — PMB $ 

Statu 8 of Voyager Spacecraft: Update 


Neutral mass spectrometer 
ion mass/ velocity spectrometer 
Electron analyzer 

6 

7 

4 

6 

11 

3 

2 

3 

2 

Magnetometer 

3 

5 

1 

Plasma wave analyzer 

4 

7 

1 

Dust composition analyzer 

11 

12 

3 

Dust counter 

3 

3 

1 

Remote sensor 

12 

8 

2 

Subtotal 

50 

64 

15 

Imaging 

76 

38 

90 

Total 

126 

92 

106 


Spacecraft distance from 
Earth, km 

Spacecraft distance to 
Saturn, km 
Spacecraft distance 
traveled since launch, km 
Spacecraft velocity 
relative to Earth, km/s 
Spacecraft velocity 
rotative to sun, km's 


Voyager 1 Voyager 2 
1,449,237,000 /1 ,184.436.000 


2,264,300,000 


221 .532,000 
1,964.094,000 
20.5 
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(News cont. from page 1 ) 


Sea Surface Temperature Measurements 
from SE ASAT 


In Its short lifetime, the SEASAT Scanning Multichannel 
Microwave Radiometer (SMMR) observed the world's 
oceans for almost 100 days in the summer of 1 978. This was 
done in order to determine sea surface temperature (SST), 
wind speed at the ocean's surface, rain rate, and the in- 
tegrated column density of water vapor and liquid water In the 
atmosphere. These parameters are deduced from measure- 
ments of both horizontal and vertical polarizations of radia- 
tion at five microwave frequencies from 6.6 to 37 GHz. 

SEASAT was a 'proof of concept' satellite to determine 
how accurately microwave sensors could measure Important 
parameters of the oceans. The SST measurements exam- 
ined so far are encouraging. They have been compared to 
nearly 1 00 high-quality surface observations under a variety 
of conditions and have been found to possess a negligible 
bias and to be accurate to within 1° over a wide range of 
values (10 9 -30°C). 

The comparisons have been made In four major geograph- 
ical areas: the northwest Pacific, the Gulf of Alaska, the tropi- 
cal western Pacific, and the western Atlantic near Bermuda. 
The results are shown In the figure. The scatter about the 
perfect agreement line Is 0.8*0, and an error analysis shows 
that most of the scatter is due to thermal noise in the mea- 
surements and not to errors In geophysical modeling. 

There are several limitations that must presently be ac- 
cepted In order to achieve bailer than 1° accuracy. The most 
serious one is that measurements must be restricted to the 
open ocean— -largo land masses within 600 km bias the SST 
retrievals. Also, radio frequency Interference, sunglint, and 
heavy rain sometimes degrade the measurements. Fortu- 
nately, these restrictions only affect a small percentage of the 
entire data set. Furthermore, It may be possible to improve 
the algorithms so that they obtain accurate SST retrievals In 


New Publications 


Modeling and Control of River Quality 


S. Rfneldf, R. Soncfnf-Sessa, H. Stehfesl, and H. Tamura, 
McGraw-HIH Ser. In Water Resour, and Environ. Eng., 
McGraw-Hill, New York, xiv + 380 pp., 1979, $49.50. 


Reviewed by Kenneth J. Lanlear 


This book Is a major work in the field of mathematical water 
quality modeling, providing an In-depth treatment of modeling 
and control techniques. 

Chapter 1 is a meticulous and comprehensive discussion 
of modeling theory and terminology. Equations are 
expressed in a matrix notation which Is employed 
consistently throughout the book and proves to be a powerful 
vehicle for presenting complicated models in an 
understandable manner. Chapters 2 and 3 examine water 
pollution processes and quality Indicators and the different 
components of water quality models. Emphasis Is on the 
forms of the various equations, rather than on the specific 
parameter values. Chapter 4 lies the earlier chapters 
together by looking at the construction of self-purification 
models, particularly the Streeler-Phelps model end Its 
variations. Also interesting is a section on ecological models, 
using Mlchaelis- Menton relationships. 

The strength of the book Is clearly in Its presentation of 
modeling theory. By using Its concise matrix notation, It 
provides excellent explanations of how such effects as 
photosynthesis and distributed BOD loadings ate 
incorporated into model equations. Some weaknesses on the 
practical side are evident. For example, in discussing ways to 
estimate the reaeraflon coefficient, only river depth and 
velocity are considered. Ignoring recent formulations based 
upon energy dissipation. 

Chapter 5, 'Slate and Parameter Estimation,' presents a 
major aspect of the book's modeling philosophy: Establish 
the modeling equations, then determine the parameters of 
these equations on the basis of observations of the system 
output. This is a sound technique, provided that past 
observations are appropriate for predicting future system 
performance. It also explains why the book devotes relatively 
little space to more conventional methods of estimBling 
parameter values. The modeling philosophy will not apply, 
however, where such actions as stream channelization or 
drastic alterations of wasle loadings cause the hydraulic or 
biological parameters to change. 

One example In chapter 5 of a Slreeter-Phelps model of 
Ihe Bormlda River is illustrative of the book's strength In 
modeling theory and weakness in practical application. In a 
demonstration of skillfully applied mathematics, Ihe model 
equations wore manipulated until aone-dimensionai 
searching algorithm could be applied to estimate the 
parameters. However, no correction was made for the 
dissolved oxygen becoming zero {and changing the 
deoxygenation coefficient } in some of the calibration data 
sets. The resulting predictions of minimum dissolved oxygen 
are unimpressive, considering the abundance of calibration 
data. Chapter 6 presents even more advanced techniques, 
such as Kalman filters, suboptimal recursive filters, end 
recursive filters In lime and space, but soma of these are : - 
tested against synthetic modal data, not field data. 

The final five chapters cover such topics as control theory, 
linear and nonlinear programing, unsteady state control, 
water pollution control faollitlea. river basin management, and 
multlobjectlve programing. In each of these, the approach ita 
to formulate the problems and to discuss briefly ihe available 
solution techniques. In this way, an extensive amount of - 
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spite of these restrictions. In any case, it is becoming Increas- 
ing clear that not only has SEASAT fulfilled Its goal ol validat- 
ing the accuracy of microwave remote sensing but also that 
the SEASAT data set itself should prove to be a valuable 
resource for geophysical Investigations. 

Furthercomparisons to accurate surface observations are 
desired, especially In areas of the world not yet examined. 
Anyone with access to accurate SST observations made at 
least 300 km from large land masses during July-October 
1878 are encouraged to communicate with Thomas J. Ches- 
ter, JPL 238-420, Pasadena, California 91109. 


Dr. Chester of the Jet Propulsion Laboratory Is the 
contributor of this news Item. 8 


useful material on theory is cohered without excessive 
emphasis on details. 

This book Is definitely not for the casual reader. 
Understanding it takes time, concentration, and a reasonably 
solid background In mathematics. I would highly recommend 
It, however, to students of advanced water quality modeling 
and to practitioners facing difficult modeling situations that 
require advanced techniques. 


Kenneth Lanlear Is with the Research and Training 
Breach, Environmental Affairs Office, U.S. Geological 
Survey, Heston, Virginia. 


Geology for Civil Engineers 

A. C. McLean and C. D. Gribble, Allen and Unwin, 
Winchester, Mass., xvili + 310 pp., 1979, $25.00. 


Reviewed by Ivan C. James II 


A course in engineering geology was not offered the 
semester that I wanted to take it so I took the introductory 
geology course. I have always suspected that I had missed 
assimilating those magical formulas of rock mechanics, 
tunneling, and dewatering that the aspiring civil engineer 
dreams of using to speed his project through difficult terrain. 
McLean and Gribble have taken an alternative approach. 
Their book Is not engineering geology nor is it just 
Introductory geology, but they lay claim to geology for civil 
engineers as suggested by their choice of title. My 
impression Is that they have written four chapters of geology 
followed by four chapters of engineering geology. 

This Is a distinctly British book with emphasis on glacial 
morphology, the use of terminology which may be unfamiliar 
to North American practitioners (e.g., greenfield sites, dumb 
wells, finite reserves, etc.), and the application to 
predominantly British field examples. References to the 
British Code ol Practice and citations ol Information sources 
are also much more suited to the British student or practicing 
engineer. 

On the whole, ihls book is readable, well presented, and 
appropriate (or an Introductory semester or quarter course in 
the subject. A strength of Ihe book is the Introduction of 
terminology in boldface type with the definition In context. 
This, coupled with a good Index, should aid the practicing 
engineer faced with terms unfamiliar to his normal 
vocabulary. A lack of balance exists between some chapters 
as exemplified by Ihe attention given to formulas In applied 
geophysics, McLean’s specially, and the lack of virtually any 
discussion of computational or analytical methods In the 
chapter on subsurface water. Although one example Is the 
inattention to the units appropriate for the formula for 
subsidence found on page 189, mistakes appear fo be few. 


' Ivan C. James Ills the District Chief for New England, 
U.S. Geological Survey , Boston, Massachusetts. 


Descriptive Physical Oceanography 

Q. L. Pickard, Pergamon, New York, lx + 233 pp., 1979, 
$9.95. 


Reviewed by James H. Swift 


This new edition of G. L Pickard's enjoyable lexl, pub- 
lished only 4 years, after Its predecessor, shows continued 
Improvement over the original edition. Not only are most top- 
ics brought up to date but also the book Is slightly more com- 


Radons Clue to Earthquake Magnitude 


ur 


Radon’s flow within the earth's crust could offer seismol 
gists clues about the magnitude of an Impending earthqr < 
according to a model proposed by Robert L. Fleischer * 
General Electric Company physicist, at the AGU Fall to* 
last month. His work suggests that an extensive netw 
radon monitoring stations would be useful for early v- 
of potential damage areas of the pending tremors. - r 
Small amounts of radon, a gas released by the decs < 
uranium, tends to move slowly within the earth’s crust v 
rocks are relatively porous. Velocities of a few inches/ '. 
are typical. Shifting stresses In the earth's crust tha* ' 
an earthquake can speed up or slow down radon’s ' . 
ments. 'S* 

Earthquakes registering low on the Richter scale a.': 
stresses on the earth's.crust only strong enough to s l ',m- 
affect radon flow in rocks, says Fleischer. These sm*’ c- 
ors impact radon's flow over relatively short dlatanceSjger 
cordingiy, stronger quakes have a greater impact ovc 
distances. *. p 

For example, Fleischer's calculations show thr* aa- , • 
rating 5 on the Richter scale should not Influent *. 
more than 96 km away. A major earthquake, sucrrf - ■ 
1979 Alaskan quake, measuring 7.7, could affect rail- :• 




■i°n 




out to 3860 km. 

The model proposed by Fleischer is based on a d* 
model and on the assumption that crustal stress Inct 
with earthquake magnitude. He reports good correh 
tween the model and recorded fluctuations of radons Jien- 
previous earthquakes. A similar model used by So\, 
lists shows similar correlations with other data . — BTi ... 


prehen8lve, and thus It is more nearly representative 
ern deep-sea synoptic physical oceanography. The ti 
'3rd (SI) Edition' Is somewhat misleading, since few o 
revisions are related to the minor matter of converslc 
units. 

The overall organization of the text remains the aarti** w 
though the page count has grown slightly. The first fo 
ters Introduce the author's approach to his subject, oi 
the general nature of the ocean basins, define the imp 
physical properties of seawater, and describe their typ*. ■ 
distributions (47 pages total). The heart of the book, ow- 
ing three-fourths of Its pages, Is found within the next, 
chapters. 

Chapter 5, ‘Water, Salt and Heat Budgets of the Oce- • 

(27 pages), is a fine introduction to the definitions of the^ 
ous terms in the most common mass and heat budget equ» 
lions. The regional variations in the individual component: 
are not illustrated. This Is unfortunate because such figur 
would make this a first-rate chapter. The budgets themse 
(i.e., Ihe combination of the various terms) are only briefly 
mentioned, and then in global form only. 

Chapter 6, 'Instruments and Methods' (43 pages), is a 
gem. The Instrumentation most common to physical oce* ' 
graphic field work Is nicely covered, and there le some c *1 
cusslon of the relative merits of the various techniques. „ l 
Moreover, this has been combined with an effort to demo; 
strata how the interests of physical oceanographers have 
motivated the most common Interpretative methods. The \ 
chapter is In no way a field manual, but II does give the read- > 
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nicely balanced account of how one goes about measur- 
■JL af ,d interpreting physical oceanographic data. 

Chapter 'Circulation and Water Masses of the Oceans' 

/S5 naoes), although briefer than Its companion chapter In 
qverdnJP Johnson, and Fleming’s The Oceans, is of course 
considerably more up to date. Pickard has achieved a mea- 
sure of brevity by Intentionally neglecting peripheral regions 
and bv emphasizing modern research In the principal ocean 
hafilns Allhough there Is a wealth of reasonably accurate de- 
tail In this chapter, the Interested reader will find It difficult to 
obtain more Information because the sources are not cited. 

The final two chapters and the appendix briefly outline 
coastal and estuarine oceanography, suggest future work, 
and discuss physical oceanographic units (20 pages total). 

An annotated list of suggested readings completes the text. 

The revisions are in the same 'cut and paste' style used in 
Ihe previous edition. This may reduce errors, but does not 
eliminate them. At least two errors were Introduced with the 
change to SI units, and several other errors either persist 
from past editions or are introduced here. All errors are minor 
and should cause little confusion. 

This text represents a comprehensive subject covered by 
tow pages; hence certain topics are slighted. I missed the 
development of a historical perspective (only very briefly out- 
lined) and the use of appropriate mathematics. While the 
nonmaihematlcal approach will perhaps avoid frightening the 
nonptiyslclsts, and while most of the essential mathematics 
l 8 covered at an appropriate level in the companion volume 
(Pond and Plckard'slntroductory Dynamic Oceanography ), 
the book would have benefited from a discussion of the 
quasl-mathematical aspects of the distribution of variables. 
Also, there has bean no Increase In the third edition In the 
use off figures to illustrate the text. Most sections would great- 


ly benefit from an Increased use of graphics. My strongest 
criticism Is that the oceanographic literature is not properly 
crted. Thus the student who wishes to learn more about spe- 
cific subjects cannot use this book as a starting point. Proper 
literature citations would add little length to the text, would not 
be confusing, and would greatly Increase the usefulness and 
value of the text. I would cite Perry and Walker’s The Ocean- 
Atmosphere System as an example of a related text which 
presents a better historical perspective, contains appropriate 
mathematical development, uses ample graphics, and pro- 
vides proper literature citations, yet achieves this without be- 
coming Inaccessible to the nonmajor. 

The third edition does, however, continue the evolution of 
Pickard's text Into a much-needed niche In the oceanograph- 
ic literature. The book does not accomplish everything one 
might hope, and In particular Is weak on its own for in- 
troductory courses for physical oceanography majors, but I 
feal It is very nearly the best that can be done within so few 
pages. 

The value of this book is that It provides in one brief, well- 
written volume the rudiments of physical oceanographic as- 
pects of water mass analysis, along with the Inferences such 
analysis provides of the characteristics and circulation of 
the oceans. This Is an important subject not wall discussed in 
most other texts In recent years. I would recommend this 
book to any person wishing a straightforward Introduction to 
the subject. Graduate students from all oceanographic dis- 
ciplines may well find It to be essential reading prior to gener- 
al examinations. 


AGU 

Congressional Science Fellowship 


The Individual selected will spend a year on the staff of a 
congressional committee ora House or Senate member, 
advising on a wide range of scientific issues as they pertain 
to public policy questions. 

Prospective applicants should have a broad background 
in science, be articulate, literate, flexible, and able to work 
well with people from diverse professional backgrounds. 
Prior experience in public policy is not necessary, al- 
though such experience and/or a demonstrable Interest In 
applying science to the solution of public problems Is de- 
sirable. 

The fellowship carries with It a stipend of up to $25,000 
plus travel allowances. 

Interested candidates should submit a letter of Intent, a 
curriculum vitae, and three letters of recommendation to 
AGU. For further details, write Member Programs Divi- 
sion, Congressional Fellowship Program, American Geo- 
physical Union, 2000 Florida Avenue, N.W., Washington, 
D.C. 20009. 

Deadline: March 31, 1981. 


James H. Swift Is with the Marine Ufe Research Group, 
Scrlpps Institution of Oceanography, La Jolla, California. 
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are ro discounts or commissions on classified ads. 
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weak prior to the dale ol the Issue required, 
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POSITIONS WANTED 
RslH per line 

1-5 Bmu— J1.00, 6-11 times— $0.75, 
12-20 »mw~$0:55 


Researoh Associate Position. The Geophys- 
ics Program at Ihe University ol Washington seeks 
applicants for a research associate position In space 
physios, beginning June 1981- The position Is sup- 
ported by research contracts and grants. The appli- 
cant should have a Ph.D. and be experienced In X- 
ray end charged particle detector techniques as ap- 
plied to space and auroral research. In addition to 
having good background In space plasma phenome- 
na. interested persons should send their resumes to 
George K. Parks. Geophysics Program AK-50. Uni- 
versity of Washington, Seattle. WA9B195. 

The University of Washington is an equal opportu- 
nlty/afflrmaU ve action employer. 


POSTTDN8 AVAILABLE 
Salas par (re 

1 -Stmt— $ 2 , 00 , 8-11 times— $1.80,. 
12-20 Nmit— $1 .40 


SERVICES AND COURSES 
Rates par line 

1-51X1)11-42.50. 8-11 limes — $1.95, 
12-20 Hmaa-Bi. 76 


Institute ol tpaoe and Atmospheric Studies/ 
University of Saskatchewan. Applications 
are hvited for postdoctoral research positions In 
auroral physics and atmospheric dynamics- Term 
la one year renewable. Experimental ability or ex- 
perience with optical or radio techniques Is desirable. 
Work may involve rocket; balloon or observatory 
measurements and their InterpretaUon. Sand resume, 
references and research Interests to: D. J. McEwen, 
Institute of Space and Atmospheric Studies, Univer- 
sity of Saskatchewan, Saskatoon, Canada S7N OWO. 


Rea ear oh Aealetanta/Utah State Universi- 
ty. Exciting opportunities at ihe frontiers oi knowl- 
edge exist (or graduate and undergraduate research 
assistants in the Department ol Electrical Engineer- 
ing at Utah Stale University. USD. located at the 
bass of the Wasatch Mountains, la engaged in 
ground-breaking Investigations In many critical fields. 
Get Involved In environmental sensing, digital elec- 
tronics, microprocessor applications, electro-optics, 
or computer engineering. Do space and atmospheric 
phyaics with state-of-the-art Instrumentation on the 
ground. In rockela. or aboard ihe space shuttle. For 
details on these and other projects, contact Doran J. 
Baker. Head. Department of Electrical Engineering, 
UMC 41E, UlBh State University. Log Bn, UT 84332 
(telephone: 001/760-2840). USU provides opportuni- 
ties based only upon performance. 


University of Ha wall. The Department of Geol- 
ogy and Geophyalca of the University of Hawaii is 
seeking applicants for a tenure track position, begin- 
ning July f. 1981. In either of the foliowring fields: CD 
tectonics ol ocean baaing and margins, (2) pale- 
oceanography. 

Applicants should have a Ph.D. degree end a 
demonstrated ability to conduct and promote marine 
research. Ability to teach at all levels Is required. The 
position will be a joint one on an 1 1 -month basis with 
the Hawaii Institute of Geophysics. The appointment 
will be at the rank of assistant professor. Apply with 
resume and names of three references lo Seymour 
O. Schlenger. Chairman. Department of Geology 
and Geophysics. University of Hawaii, Honolulu. HI 
9BB22. Closing date Is April 1 5. 1981. 

The Univarslty of Hawaii is an affirmative acton/ 
equal opportunity employer 


POSITIONS AVAILABLE 


Personnel Assign- 
of Surface Mining. TheC 


erwn.ee Mining. TTieDepart- 
Jwhwft* Interior anticipates a few openings for 

wnpoiBiyappointman), ol aarth (eclats dur i no 


^^appointment, of earth scientists during 
^ Mrt B nmente would Involve a de- 
irotniheacientiBfB present employer for one or 
EK* Prcwnt employer must be a Stale or 

waipwemmBnlal entity (Including state unlveral- 
Amik-T ”**""** would be with the Technical 
and Research DMsIon of (he Region V Of- 
"“hDsnvar, Colorado or with one of the Western 
Principal aoUvItlaa would 


owM.rBguiatoryoffloBs. Prinotpal aoUvtUaa would 
"™™^«nloal and environmental reviews of da- 
WPMals to mins coal and reclaim disturbed 
^andprovtsion of technical assistance to coal 
TiK 01 . 8 8nd r * 3 ulotor y a 9 «r»cy personnel. 
,*}* 5 W >owln 0 dlBdpttnes ara needed: 
• myology— emphasis on quantitative esll- 
"r. 10 " ot Physical and chemkiBl effects of 
mniflg and reclamation on the hydrologlo 
Dawtopment of systems approach 
wBBtlmatlng the cumulative hydrologic el- 
2 uw 0 , ® lto ' B P®clBc and regional mining. 

■ Jwip Engineering— emphsata on com- 
P~«ort mining techniques to recover addl- 
®cn« coal and to reduce environmental ef- 
Z* 8 ' P^lction of subsidence over under- 

QTOiirtH ■ _ .■ 


Yale University, Department of fleefogy 
and Ooophy slot. Applications are aollcked tor a 
faculty position In petrology or mineralogy to begin In 
the academic year 1881-1982. Areas of special In- 
terest to the department Include theoretical end ex- 
perimental mineralogy, petrology, and field studies. 

Yale University is an equal opportunlty/alflrmatlve 
action employer end encourages women and mem- 
bers of minority groups to compete for this position. 

Curriculum vltee. publications, and the names of 
three or more referees should be sent by January 31, 
1981, to Robert 8, Gordon, Chairmen, Department of 
Geology end Geophysics, P.O. Box 8886, New 
Haven, CT 08511. 



oi suDSHence o 
*®tind mines; and estimation of 
^Whonl of approximate original con- 

3 ‘ Solenoe — emphasis on predlc- 

■™ roodeJlrifl of fugitive dual sources and 
l J*«Port. • 

• Engineering— emphasis on ex- 

walton geophysics (each as shallow eels- 
reelatMfy, well fog Interpretation), sol 
Jgj roch mechanics', *nd blasting (for min- 

1 oisSSS 888 ^ assignments are to assist the 
I and state regulatory author- 

L ltes*iJ? v ' 8 !* mining and reclamation plans for 
fcojr*®”wiof oosl from federal lands and fnenvl- 
"iJ^^wmenteofetrchptane. ' 
id^w*r 9nrnanl8 >re ■ritended to provide the 
ka Ubl? ex P ort9 rt°« and understanding of the 
W ? on,n:)< a^d Reclamation Act and re- 

alatutes and regulations Inor- 
hi* effectiveness upon return to hta .. 


( f YS!S!S , . t,lJal,,tod1nd,vtdlJflto and emhteBinqHKj- . •' 
Bore, roenolaa and educational Irvrttu* " 

ta contact the Office ol Syr- , 

*h>^*bt* ^,*ncouragsd i aa.eoon ati 

\“!''’c*a ntiist (j) &at ! ert WllAt nl tntferaai nk 


Associate Dfreotor/Herln# Bolenc instt- 
tuts. The University of Texes si Austin neks to fill 
Ihe open position of associate director of the Marine 
Science Institute. The associate director Isreopon- 
slbte for research and intelteotuel leadership of the 
Institute's Galveston Geophysics Laboratory. The 
position carries the line reeponalbWty of senior sd- 
mWatretorforthe Galveston Geophysics Laboratory. 
Duties Include research planning snd management, 
fiscal monitoring and budging, ^raoitoelravjw 
and assignment, coordination ofscfentfffo (Mt^rame 
and shop operations, administrative supervision, liai- 
son with Industrial and agenoy sponsors, representa- 
tion and Ofherdlredorahlp duties 

The Galveston Geophysics Laboratory maintains 
modem computing facilities, researoh laboratory, 
and two deeprooean researoh vessels, the WVF f6rf 
Store andtoaRfVIda Green. ^w^rtQaMes- 
ton Includes programs In marine 
geology, solid earth geophyalca. sarthquskewd ox 
tra-tarreetilal seismology. V>d Instrument systems 
design, both basic and appfed. 

Applicants are 5Sked to send the toBwring. 

(1) VKa—kidudlng Mof publications. . 

(2) Brief statement on ourrsnl research ana 

(3) BrWrtatemerrtonsdmhtelrativssxperi- 

(4) Brief statement on 

. 6 NsmeiofstepefSOMi^^taW- 

■ . * t^dterpersor»iandpiote«ton»'rooom- 

Alener n 3BpS«t 8 lof *** <* oV9 "*I ute ‘ ed f"' 

formation should besent ; ' ‘ 

Dr. J. Robe^ Moore, .Director 

. Marins SdeneeHtotKHte J; ; ... :/ *,V 


RESEARCH 


OCEANOGRAPHER 


The Radar and Optics Division of ER1M requires 
a Radar Oceanographer, preferably at the PhD level, 
to function as head of the Oceanographic Meas- 
urements and Analysis Group of the EM Meas- 
urements Department. Experience as an Oceanog- 
rapher including EM measurements of oceano- 
graphic phenomena is required. Experience in the 
management of research programs is desirable. Can- 
didates should have knowledge of EM remote sensor 
systems and techniques. The EM Measurements 
Department conducts research programs to apply 
EM measurements techniques to oceanographic 
problems. 


ERIM, a non-profit corporation, Is a center ol re- 
search and development on sophisticated sensors 
and data processing techniques used by the Depart- 
ment of Defense and other agencies engaged In 
remote sensing. 

ERIM is located adjacent to the campus of The Uni- 
versity of Michigan In Ann Arbor. The Ann- Arbor area 
has exceptional academic, cultural, entertainment 
and recreational opportunities, 




.' r . h 





Send your resume alid salary requirements In 
confidence to John J. Malik. U.S. citizenship is 

" , '" a ERIM 

p.o. box sate 

Anri Arbor, Michigan 48107 

An equal opportunity employer. 


i 
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ledlmantaty Patrol oglat. The Goulogy De- 
partment al the University of Vomunt is seeking a 
sedimentary pelrologlsl for a tenure track position at 
the assistant professor tovai. Research and teaching 
specialnatcns should tie In classic sodimontary pe- 
trology with polar llai ancillary interests in petroleum 
geology, geo morphology, and hydrology. It Is ox- 
pectod that the successful candldato will oclabilsh a 
flokf-orlanlod research program which includes su- 
pervision of graduate (MS.) and undorQraduata stu- 
dents. A Ph D. Is required and leaching oxperio nee Is 
highly desirable. The Geology Departmental iho 
Unlvorsityof Vermont 19 n soven member depart- 
ment having an M.S. program and q definite com- 
mitment to excellence tn undergraduate education. 
Applications will be occeplod until April 1. 18S1. 

Candidates should send a resume and arrange for 
three letters of reference lo be sent to 
JohnC. Drake 
Acting Chafrmen 
Departmonl of Geology 
Un tveraily of Vermont 
Burlington, Vermont 05405 
The University of Vermont Is an equal opportunity- 
affirmative action employer. 


Chafrpere on. The Geoscience Department. Now 
Mexico Institute of Mining and Technology, Is seek- 
ing a geoscientist of recognized academic and scien- 
tific achievement for the position ol chairperson. The 
Geoscience Department currently has dagres pro- 
grams through the Ph.D. in the fields of geochemis- 
try. geology, geophysics and hydrology. Dufies am to 
administer the department, conduct research, direct 
graduate etudon|9 and Instruct in arose of interest. 

Ph D. required, salary and rank open. Letter ol appli- 
cation. resume end letters of throe re townees should 
bo postmarked prior lo January 25, 1 381 and sent to 
John R. MacMillan. Chairman of Search Commlfieo. 
Geoscience Departmonl, Now Mexico Tech. So- 
corro, NM 87001. 

AA/EOE. 


Aealetant ProfMsorehipJ Department ef 
Phyeloa, University of Minnesota. We ex- 
pect to fill a tenure track position at Iho assistant pro- 
fossor level during the next two years Priority w>H be 
given to candidates in space phyatee. Applicants will 
bo lodged In terms ol their promise lor outstanding 
scholarship In their research areas, promise for ex- 
cellence In teaching, and the relationship of tholr re- 
search programs to program a of the department. 


Faculty Position. The Department of Geology 
ol the University of New Mexico seeks applicants lor 
a position In clay mineralogy, low-temperature gao- 
chemlslry, carbonate petrology, or economic geol- 
ogy. The appointment may be al the assistant, asso- 
ciate or full professor level contingent on approval of 
funding from the university. The Individual must be 
slrangly committed to leaching at both the under- 
graduate and graduate levels. In addition, he or she 
win bo expected to develop a vigorous research pro- 
gram In his or her field of specialty and will be ex- 
pected lo supervise graduate students at the M.S. 
and Ph.D. levels. The closing date for application is 
April 1 5. 1 98 1 . Applicants should send a rdaumd. un- 
dergraduate and graduate transcripts, three latte re of 
retorence, and a brief discus skin of research Inter- 
ests to Rodney C. Ewing. Chairman, Deportment of 
Geology. University ol New Mexico, 87131. 

The University of New Mexico is an equal opportu- 
ntty/afllrmauve action employer. 

Virginia Polytaohnlo Institute and Slat* 
University. igneouB Petrology and GeochamlB- 
try/Research Associate. Origin and tectonlo signifi- 
cance ol granitic rocks. Project Involves petrography, 

■rtahiiU nknntlalni mlnaral nkamlalru lafttAnlAfilllHi 


Qenphy elolet/Unl vereity of South Caroli- 
na. The University of South Carolina anticipates a 
new (acuity appointment In geophyelcB tor 1 981 , 
subject to adequate legislative finding. We are espe- 
cially Interested in Individuals who have expertise in 
the fields of exploration geophysics, seismic inter- 
pretation, or solid earth geophysics. This would be a 
fl-month, tenure (rack position at (ha assistant or as- 
sociate professor level, beginning August 1 881 . 
Some etart-up funds are available for major equip- 
ment purchases. The Individual who fills this pOBllion 

would join the growing geophysical component of the 
Geology Department, which currently emphasizes 
setemokigy, regional teutonics, and paleomagneilcs, 
and would develop an aggressive research program 
In his or her specialty. 

Please send vitae and names and phone numbera 
of three Individuals we may contact tor references to 
Willard S- Moore, Chairman, Search Committee for 
Geophysics. University of South Carolina, Columbia, 
SC 29208. Closing date tor this announcement Is 
March 15,1981. 

The University of South Carolina is an affirmative 
actio rVequal opportunity employer. 



Vale University, Department ef Geology 

and Geophysics. Applications are solicited for a 
faculty position In soDd earth goo physics to begin m 
the academic year 1 981 - 1 982. Areas of Into rest to 
the department include seismology, oxptot alien geo- 
physics, mechanical and physical properties of rocks 
and minerals, geomagnetism, and tectoro physics. 

Yale UnlvorsKy is on equal opportunlty/affirmatlve 
action employer and oncourages woman and mem- 
bers ol minority groups to compete tor this position. 

Curriculum vitas, publications, and the names ol 
three or more referees should be sent by January 31 , 
1 98 1 . to Robert B Gordon, Chairman, Deportment of 
Gootogyand Geophysics, P.O. Box 6668, New 
Haven, CT 0651 1. 

Sedimentary or Low Temperature Geo- 

ahandst. This Is nn assistant professor, lonuro 
track position, although exceptional candidates ol 
hlghor rank will bo considered We are looking for b 
geochemist lo complement our strong programs In 
sedlmantology, hydrogeology, organic geochemis- 
try. end basin analysis. The teaching toad is lluee 
courses per year— one beginning level geology 
course, an upper level geochemlslry course, and a 
graduate course ol his/her choosing, tnlroduclory go- 
a logy and summer Bold camp are also taught on a 
long-term rotating basis. A won -equipped laboratory 
and computer facilities aro available The potential 
exists both tor outside funding and tor cooperative 
resooich 

T he successful can didate will bo e»poc ted lo con - 
duel an active research program leading to pub- 
Itcalons. Applicants should submit a toltor of appli- 
cation. resume, a copy of each transcript, and havo 
three supporting letters sent to 
Chairman 

Departmonl of Geology 
University of Missouri 
Columbia. Missouri 8521 1 

The University of Missouri is an equal employ mem 
opportunity emptoyer. 

NaMeelersI Fell owe/ Department ol Ter- 
restrial Magnetism, Carnegie Institution ef 
Washington. Endowed postdoctoral fellowships 
In private Institution, emphasizing maximum freedom 
of research in areas of geophysics, isotope end trace 
element geochemistry, mass spectrometry, plan- 
etology. and star and planet formation. Renewable 
for second year. Women and minority candidates en- 
couraged. Completed applications due March l . 
1981. For tetormatton write Fellowship Committee. 
Depl 0* Terrestrial Magnetism, Carnegie Institution 
of Washington, 5241 Broad Branch Hoad. N.W.. 
Washington, D C , 20015. 


Associate Program Direct ov/KIF. The Na- 
tional Science Foundation s Division of Earth Sci- 
ences la seeking qualified applicants lor associate 
program director. Geophysics Program. This position 
la excepted from the competitive civil service, EC- 13/ 
14 {equivalent lo OS-13/14, 532.048- $4 9.229 per 
annum), and win be filled on permanent or 2-year - 
rotations] baste- A Ph.D. in geophysics is desirable. 
Equivalent research and experience in the adminis- 
tration of large, multidsapiinary research programs 
may be substituted for a degree. A broad general 
knowledge of geologic research and familiarity wtih 
the U S setentrite community aia also required Ap- 
plicants should submit a statement of interest and re- 
sume or SF-1 71. Personal Qualifications Statement 
(o the National Science Foundation, Personnel Ad- 
ministration Branch, Announcement Number EX 00- 
2t.Rnr.212. 1800GSL.N.W. Washington, DC 
20550. Attn. E. Paul Brogllo (telephone: 202/357- 
7841). 

NSF is an equal opportunity emptoyer 

Graduate Asslslantthlps/Phyilss and 
Astronomy. Graduate rosoaren asBlstant- 
ahipsanU teaching assutonlotiips m Itio Dap/wt- 
nion t of Physics nrnJ Astronomy of tho Uni varsity 
of luwa are nv.iiiabtelo welt -qunlirioilslurtenls 
Tho ilupnrlmenl tint vigorous research 
programs m space physics, plnstv a phy&ics 
aeon slics. astronomy, astrophysics. atomic 
physics. otoinonhiry parhclQ physics, laser 
ph yslcs. nuclear physics, end sol lit staler phys- 
ics AssiBlaniohipscari begin m June. Auguul.ur 
January. Pi ease orlclross your inquiry in Depart . 
non! of PhyiricsnntJ Astronomy, Tho Univor arty 
ol fowa.lown GUy. IA 52242. 


Sedimentary Geochemist. Princeton Univer- 
sity seeks applicants tor an esafetani professors tup 
within ihe general fields of the c homfctry ol sedimen- 
tary systems or ihe geneais/dtogenestoof sedunen- 
lary rocks. Further Information may be obtained from 
David Crew, 809-452-4 1 23. 

Submit applications. Including vila, statement of 
research end leeching interests, and names of three 
references to: 

Sheldon JudBon. Chairman 
Departmonl ol Geological end Geophysical Sci- 
ences 

Princeton UnhreraKy 

Princeton. NJ 08544 , . . ■ 

Princeton University is an equal opporfurttyfaiU- 
mattve action emptoyer. 


Candidates should sand a resume, bibliography, 
and stotemonl ol research Interests to: 

Profossor Walter Weyhmann, Head 
Ooparimonl of Physics 
University of Minnesota 
1 18 Church Streot, S.E. 

Minneapolis, Minnesota 65455 
The candidate should arrange to have al least 
throe loiters of recommendation sent dlrocily to Ihe 
above address Tho doadline for receipt of all materi- 
al Is February 1. 1980. 

The University of M innosota Is an equal opportu- 
nity educator and employer The Unlversily specifi- 
cally Invites and encourages applications from wom- 
en and mlnoiitios. 


Computer t pee laNst/Ifnl vereity Research 
■ nvkonment. Tt« University ol Rhode Island is 
seeking on individual lo help implement a Satellite 
Remote Sensing Software Packngo on our PRIME 
Computer System. Applicant should be Interested in 
working in a dynamic research environment and 
must be capnblo of managing hl&fter own tlmo end 
of soomg a project through from start to finish. Appli- 
cant must be avoKablo Immediately. 

Tho idoal candidate will havo aworklng knowledge 
ol PRIME and DEC RSX 1 1 FORTRAN, operating 
system subroutines and Assembly Language, expe- 
rience with satellite remote sensing systems or im- 
age processing systems ond a degree In computer 
ecienco or software engineering Applicants with an 
appropriate subset of tho above dulls wilt be consid- 
ered. 

Salary range la S 19.310 to 522.318 Benefits in- 
clude 22 days vacation and a rursl ocesnsido sotting 
in which lo enjoy them 

Cell or send resume before January I, 1981 lo.AI 
Cutting. Graduate School ol Oceanography. Com- 
puter Center South Ferry Rd , Narragansetl. Rhode 
Island 02882 

(401)702-6266 

An affirm alive acfion'equal opportunity employer 
M/F 


Faculty Positional Aatronemy/lpeea Ptiys- 

I ea. The Department ol Astronomy of Boston Uni- 
versity in vitas applications lor one or two tenure track 
faculty positions opening September 1981 Empha- 
sis will be pfaced cn active research experience os 
wen as interest In graduate and undergraduate 
teaching. We aro considering good candidates tram 
any field ol astronomy or apace physics- Applicants 
should sand resumes and the names of three refer- 
ences to M O. Papaglanniv Department of Agrono- 
my. Boston University. Boston. MA02215. 

Boston University Is an equal opportunity employ- 
er. 


FoaMestsril ft as • a rah Asseolate/Mkieral- 
©SY- Applications are Invited lor research In high- 
resolution and analytical transmission electron mi- 
croscopy of minerals and their analogues. Experi- 
ence in crystallography, materials sciences, or elec- 
tron microscopy *s desirable. Send resume (Includ- 
ing transcripts), statement of research Interests, and 
names of three references to P. R. Buseck. Depart- 
ment of Geology. Arizona Slate University, Tempe. 
AZ 85281. 

Arizona State University is an EO/AA employer. 


Geophysics Research Associate. Weston 
Observatory of Boston College seeks MS In geo- 
physics (doctorate work desirable), familiarity with 
tone and frequency domain analytical techniques 
and knowledge ol FORTRAN programming. Oppor- 
tunity tor independent research along with assigned 
responsibilities relating to New England seismic net- 
work. Salary to 520,000 depending on qualifications 
and excellent benefits. Sand letter and resume to 
Dianne Rogors, Associate Director ol Personnel. 
Boston College, 1 40 Commonwealth Avonuo, Chest- 
nut] WJ.M A 02187. 

An equal opportunity 'affirmative action employer 


Bxptorallon QeophyatcaiUnlvareHy el Okla- 
homa, As pail ol a 5-yenr plan ol development 
and expansion, iho School of Geology and Goophys- 
•cato looking tor a person in term the nucleus of an 
eiptoratron geophysics group A Ph D. ingeophyaes 
Is required, and preference will be given to someone 
whose teaching and research tniercsis aro in the ac- 
quisition. processing, and'or inioipreiaiton pi seismic 
data Pro* ant equipment includes n truck -mounted 
'thumper energy source, capable ol penetrating a 
kdomefer or moteol rock; a portable. 12 -channel 
•eismie recording system, grawnelere. magnetonw- 
ters; an electrical lesntwil y unit: ei-houaa m.-i» 
computers, and terminals to the University's ©M37C 
system A geophysical observatory supports ro- 
eoarchin solid earth geophysics, end the exploration 
gocphyscist woodwork closely with the tectoncs- 
soid earth geophysics group. 

Applications ara due February 15. 1981. Salary is 
competitive with industrial standards, inquiries end 
appbcalions should be sent lo John Wickham. Direc- 
tor, School ol Geology and Geophysics. Umvenny at 
Oklahoma. Norman. QK 730 19. 

The Uni varsity ol Oklahoma does not dfscmwaie 
on the basis of rqce or sex and is an equal opportu- 
nity employer. • 1 . i 


las, and field mapping. Bend resumes lo: 

D. R. Wones, Chairman 
Department of Geological Sciences 
Virginia Poly. Inst- and St. Univ. 
Btacksbuig, VA 24081 

The University Is an equal opportunlty/affirmatlve 
action employer. 


Program Maiuger/Metaorology. Oceano- 
graphic Services. Inc . la seeking qualified ap- 
plicants for the position of program manager for 
meteorological studies. Applicants should have an 
M-S. or Ph D. in meteorology or atmosphoric 
sciences, ptus experience in the Held. A broad 
gonornl knowledge of air pollution, and an un- 
derstanding of tho air pollution rogulatory snvlron- 
mont. is helpful. Interested persons should Bond re- 
aumo, references, and aalaiy history lo R. C. Banka, 
Oceanographic Sorvlcos. Inc.. 25 Caatltian Drive, 
Golota.CA 93117. 


Resouroe/Qaneral Geologist. The University 
of Pittsburgh al Bradford will have a tenure track 
opening for a resource or general geologist In Sep- 
tember, 1981. This new position will serve an estab- 
lished two-yoar program In potroleum technology 
and a now. goology-based. four-year program In en- 
vironmental sciences. Rank and salary are nego- 
tiable- The candidate will bo oxpected lo teach In- 
troductory air photograph Interpretation and ot least 
some of Iho following courses In the oarth and envi- 
ronmental sciences program: structural geology, 
stratigraphy, economic geology, coal geology. In ad- 
dition. Iho candidate will leach courses in the pelro- 
roum technofogy program that are compatible with 
hisor her skills A Ph.D. and some experience are 
preferred, but applicants with oilier qualifications will 
be considered. Preference wlilbe given to those with 
petroleum industry experience. 

Bradford is located In (he Allegheny Mountains In 
an area rich in natural and recreational resources. 
Please send resume and three fetters ol reference to 
Carl Burgchardt, University ol Pittsburgh al Bradford, 
Bradford. PA 18701 

The University of Pittsburgh Is an equal opportu- 
nity/atlirmaiive action emptoyer. 


•efemo laglst. The Slate University ol Nsw York 
at Binghamton has a vacancy tor a seismologist at 
the assistant professor level. Candidates with re- 
search Interest to exploration geophysics or earth- 
quake seismology and a solid theoralica] back- 
ground ara encouraged to apply. A Ph D. with 0 to 5 
years of teaching, research, and'or Industrial experi- 
ence is appropriate for the position. Salary is nego- 
tiable and competitive with academic Institutions. Po- 
sition is available In fall 1981. Please send resume 
and the names of three references to Chairman, 
Geophysical Search Committea. Department of 
Geological Sciences, State University of New York, 
Binghamton, NY 13901. 

State University of New York at Binghamton la an 
affirmative sction'equal opportunity emptoyer. 


Structural Geologist. The Department of 
Geosciences ol Purdue University invites application 
fora tenure Hack faculty position In structural geol- 
ogy. starting in August 1 981 . Rank and salary will be 
efimnensurate with qu aliflcaOons. A Ph.D. Is re- 
quired. The individual will be expected to leach un- 
dergraduate and graduate courses In structural geol- 
ogy and tectonics, participate to summer field 
courses, and pursue an active research program. 
Preference will be given to a candidate with an ap- 
plied field orientation and a strong background In the 
quantitative analysis of field data. The department 
has active programs In petrology, geophysics, end 
engineering geology and has a dose working rela- 
tcnahip with the geotechnical group In civil angtoeer- 
mg and the laboratory for Applications ol Rerrote 
Sensing Closing da!o for application Ib April t, 1981. 
Appicants should send a resume, the names, ad- 
dresses, and telephone numbers of three referees, 
and a brief statement of research interests to R. H. 
McColiister, Department of Geosciences, Purdue 
University. West Lalayette. IN 47907. 

Purdue University is an equal opporturnty/afflrma- 
hve action employer. 


WI new urreanirueophyah 
elat. Applications are invHed tor a pormananl fa 
uxy position commencing August 1 9B t , in explore 
(ion geophysics The Ph □. ot equivalent experlen 
Is required 

Appointee win bo expected to teach graduate ar 
undergraduate courses in geophysics and genera 
geology, conduct a program of research, aupervfa 
theses and oversee a program to geophysics. The 
posUon WR be al ihe assistant professor level or’ 
higher deporting on background. Applications an 
encouraged from individuals with industrial expert 
once, todudtog recent retiree*. 

Applicants should send e letter out tin tog interns 
poelion. complete resume, end three tetters of ret 
ommendatioh to Dr. Gordon Frey. Department of 
Earth Sciences, lake Fronl, University ol New Or- 
teans, New Orleans, LA 70122. 

UNO te an equal opportixfity/alkniallve action t 
ptoyw . Apptoationa from minority groups are spec 
catty Invited. • " r 


— a t oo ro toglata end Hydrefoglete/Snudl 

Arabia. The School of Renewable Natural Re- 
sources, University of Arizona, invites applicants for 
assignment as faculty members to the Institute of 
Meteorology and Arid Land Studies, King Abdulazlz 
University, Jeddah. Saudi Arabia. One year, renew- 
able positions In meteorology and hydrology are 
available. 

1 . Ph.D. in meteorology with experience In under- 
graduate teaching and research. Curriculum in- 
oludas courses In meteorotoglcsl Instruments and 
methods of observation, dynamic meteorology, sy- 
noptic meteorology. physical meteorology, and cli- 
matology. 

2. M.S. to meteorology with practical experience 
In metaorotogk: operations and undergraduate 
teaching. Knowledge of WMO procedures. 

3. Ph.D. In a hydrologic science or englneenng 
with experience in undergraduate teaching and In re- 
search. Major emphasis will be In the areas of sur- 
face and groundwater development, water manage- 
ment In an arid environment and In evaluating the 
hydrologic effects of development. 

Description: The project Is funded by the 8audl 
Arabian government through the U.S.-Saudl Arabian 
Joint Commission on Economic Cooperation. Admin- 
istration and logistic support Is provided by the U.S. 
Treasury Department, while the program’s Imple- 
mentation Is by a contract with the Consortium for 
international Development. The goal ol the project Is 
te undertake technical cooperation to develop edu- 
cational programs for meteorology, hydrology, arid 
land studies and environmental protection. 

Salaries and allowances: Highly competitive with 
25% overseas adjustment, housing, car and other al- 
lowances. 

Availability: February 1, 1981. or Boon thereafter 
(or spring semester; September 20, 1681 , (or tell se- 
mester. Initial appointment of one year or more con- 
tingent on performance. 

Closing dale: January 16. 1981 for spring semes- 
ter; February 1 6 lor fall semester. 

Application: The application should Include the fol- 
lowing: (a) a tetter detailing principal qualifications 
and Interests, (b) a curriculum vita, (c) name, ad- 
dress and telephone numbers of three references. 
Sand to Martin M. Fogel. Director, CID/KIng Abdula- 
zlz University Project, 317A Anthropology Building. 
University of Arizona, Tucson, AZ 86721, Telephone 
(802)828-5344/2989. 

EEO/AA employer. 


Hydrogeologist. The Slate University ol New 
York at Binghamton Invites applications for a per- 
manent position In groundwater hydrology, starting 
(all 1961 . 11 te desirable that applicant have teaching 
and research Interests In one or more of the follow- 
ing: groundwater hydrology, modeling, flow through 
porous media, and environmental hydrogeology. 
However, applicants with Interests In other areas will 
be considered. 

Teaching responsibilities will Include both under- 
graduate and graduate courses. The opportunity ex- 
ists to initiate courses al all levels, but development 
of one tower-level undergraduate course 18 essential. 
Research facilities include: electron mlcroprabe, 
scanning electron microscope, X-ray diffractometers, 
atomic absorption and transmission spectrophotom- 
eters, and access to a large central computer aa well 
as minicomputers In department. Appointment te 
planned as assistant professor, but not necessarily 
al beginning level. Salary te negotiable, but will be al 
competitive academic level. 

Applicants should submit resume and arrange tor 
three letters of recommendation to be sent to James 
E. Sorauf, Chairman, Department of Geological Sci- 
ences, State University of New York al Binghamton, 
Binghamton, NY 13901 . 

Stale University of New York at Binghamton Is sn 
affirmative action/equal opportunity employer. 


CITIES SERVICE 
COMPANY 


Raaeerah 

Opportunities 

Research position In structural geology emphs- . 
sizing the structural interpretation of setemto re- 
flection profiles, using the latest setemto procesa- 
Ingfmodelllng techniques to Interpret complex 
aiructureB. Work wlih structural geologists ehd 
applied selamoiogiate. Rank and salary open. .. 
Send resume and the names of three references, 
to: Richard H. Groshong, CIUsb 8ervfea Compa- 
ny, P.O. Box 3808, Tulsa, OK 74102. V 

An equal Opportu nl ty employer M/F- 
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imeeUe/Dynamle Meteorology. 

Description: The Geophysical Institute and Di- 
vision of Geosciences, University of Alaska, Invite 
iL-UcaUons from qualilied scientists tor a full-time 
rtfronih) faculty position at the Assistant or Associ- 
ate Professor level. The successful candidate will be 
expected (o prepare and aubmlt research proposals 
to external agencies and to work cooperatively with 
ongoing research programs. Hafchs will be alec ex- 
acted to laach occasional courses In synopilc/dy- 
namfc meteorology al tha upper division and gradu- 
ate leva la. 

Qualifications: Ph.D. In meteorology. Research 
experience to advanced analysis and diagnostic 
BtudteBof global-scale meteorological processes te 
ssaentlal, preferably over the full height ot thB atmo- 
sphere 10-100 km). Preference will be given to appl- 
et who can utilize tholr expertise Insynoptfc/dy- 
namb meteorology to aynthe Blze the results of vari- 
ous ongoing research projects in mesoBcale and 
large-scale meteorology, cloud physics, radiation, 
agronomy, and space physloa Into a better under- 
Btondtog of Ihe large-scale meteorology of the North 
Partite and polar regions. Teaching experience at 
the undergraduate end graduate levels Is desirable. 

Salary: Upward to 534,800 (Aaal Prof.) or 
|43300 (Abboo. Prof.) per year, dependent upon 


qualifications and experience. 

Applications: For further tofoimaUon, Including 
recent annual research report, wrte to Director, Geo- 
phywcal Institute, University of Alaska, Fairbanks. 

on ‘ Cl08tn 8 1,8,8 tor applications la February 
*■0. 1001 ■ 

The University of Alaska fe an equal oppomxiityi 
affirmative action employer. 


Hydrog aologlst. Applications are invited for a 
research position In hydrology. M.B. In hydrology or 
geology required, Ph.D. preferred. A minimum ot 2 
years experience related to water-air heat pumps, 
aquifer evaluation for heat pump application, and 
general groundwater hydrology. Position Involves 
evaluation ot Montana^ aquifers lor heat pump use. 
Sand resume, copy of college Iranacripte, and three 
references to E. C. Blngler, Deputy Director, Mon- 
tana Bureau of Mines and Geology, Montana Tech. 
Butte, MT 59701, by February 1, 1981. 

An equal opportunlty/affirmatlve action employer. 


Oeean Dynemlolat. An academia position 
(tenure-earning track) for an ocean dynamldst te 
presently available In ihe Department of 


Oceanography, Naval Postgraduate School 
(NAVPGSCQL). Present or ultimate research 
Interest In area ol naval oceanographic concern Is 
desirable. Such areas Include: ocean circulation 
modeling, especially prognostication on the oceanic 
8ynoplic scale; surface and Internal gravity wave 
dynamics; synoptic analysis of oceanic data; and 
acoustical oceanography. Tha candidate should be 
willing and able to teach a variety of graduate 
coursaB In physical oceanography and related 
topics. The NAVPGSCQL has excellent computer, 
data archival, library, and research vessel facilities. 
Tho Department of Oceanography has close 
relations with the Reel Numerical Oceanography 
Center, Naval Environmental Prediction Faculty, end 
the Naval Laboratories. The department has a 
faculty of fifteen and a student body of 80 to 1 00. The 
overall emphasis is ocean prediction with present 
faculty and student research In ooastal ocean, polar 
ocean, and air-sea Interaction processes- Tha 
aoademto and research programs are conducted In 
close collaboration with the Departments of 
Meteorology and Physics. Salary will be determined 
by qualifications of the successful candidate. By 
January 1 1I possible, send a curriculum vllae, the 
names and addresses of three references, and a 
statement of research and Instructional Interests to: 


Faculty Search Commutes, Department of 
Oceanography, Naval Postgraduate School, 
Monterey, CA 93940. Visits by lopcandldates wlUba 
scheduled soon after. A decision will be attempted by 
March 1 and tha position should be occupied by 
oboul June 1. 1981. 

The Naval Postgraduate School Is an equal 
opportunity employer. 


COURSES 


Gall far Paper*. 

Third International Ocean Disposal Symposium 
October 12- 16, 1981 
Alfred C. RedftekJ Auditorium 
Woods Hole Oceanographic Institution 
Woods Hole, M A 02543 

For abstract and manuscript requirements, accom- 
modations, student travel awards, andother Inquiries 
contact: 

Dr. iver W. Duedall, Symposium Chairman 
Marine Sciences Research Center 
Slate University of New York at Stony Brook 
Stony Brook, New York 1 1 704 


Meetings 


Space Science Perspectives 


The National Air and Space Museum will sponsor a free 
symposium, entitled ‘Space Science Comes of Age: Per- 
spectives in the History of the Space Sciences,’ on March 23- 
24, 1981. Included in the symposium will be discussions of 
solar astronomy from space, high-energy astronomy, lunar 
geology, Ionospheric research, launch systems technology, 
and a history of LANDSAT. 

For additional Information, contact the National Air and 
Space Museum In Washington, O. C. 88 


Ocean Energy Conference 


Abstracts for papers to be considered for the 8th Ocean 
Energy Conference, sponsored by the Department of Ener- 
gy, ara due January 20. The conference, scheduled for June 
7-11 In Washington, D.C., has as its theme 'Ocean Energy: 
Meeting the National Goals.' 

Papers dealing with systems orientation, Industry In- 
volvement, new concepts, development planning emphasis, 
and technology/cost benefit projections are particularly de- 
sired. Papers stressing new and significant advances or con- 
cepts in materials, devices, or techniques relevant to ocean 
energy are also welcome. 

Abstracts, limited to a maximum of 400 words, should be 
sent lo Technical Committee Chairman, 8th Ocean Energy 
Conference, Marine Technology Society, Suite 412, 1730 M 
Street, N.W., Washington, D.C. 20038. ffi 


Hellenic Arc and Trench Symposium 


An International symposium on the Hellenic arc and trench 
will be held at the National Technical University In Athens, 
Greece, April 8-1 0, 1 981 . The formation and evolution of the 
arc and trench from land- and sea-based studies and the re- 
lation to tha tectonics of adjacent areas will be the sym- 
posium's focus, 

Comparisons with similar geotectonlc structures, Including 
the Tyrrhenian Sea and Pannonlan Basin, will be made. Re- 
sults ol new oceanographic and space techniques and dis- 
cussion of deep lithospheric and asthenospherlc processes 
responsible for the dynamics of the area will be emphasized. 

ror additional Information, contact Xavier Le Pinchon, Di- 
rector, Geodynamics Laboratory, Acaddmle de Paris, Unl- 
verslto Pierre et Marla Curie, 4 Place Jussieu, Tour 15, Pre- 
mier Etage, 75230 Parle. & 


Senior Position in 
Earth Science 


The Earth Sciences Division ot Ihe LAWRENCE 
BERKELEY LABORATORY has several comprehensive 
researoh program* Involving Ihe earth solenoe*. An 
opening exist* for a penon with on established na- 
tional reputation In a salentlflc discipline In Eorth 
Scienoe*. preferably geomechanics or hydrogeol- 
°9Y. to a»ume a position ot responsibility tor the 
scientific leadership and direotlon ot mafor 
research programs such as conoerned with 
rodloa olive waste storage, 

Outies will include taking Ihe scientific Initiative and 
direction and management of ongoing protect*. In- 
cluding ihe nuclear waste Isolation field Involving 
more man 30 solentlsti and engineer* ol LBL ond 
collaborative work with several aoademlo and re- 
•oafch organizations. Additionally, the position In- 
volves establishment of emerging programs, expan- 
sion of researoh facilities and pursuit of new areas of 

Investigation. 


The suocesstul candidate should have extensive ex- 
perlenae ond proven capabilities In directing and 
achieving programmatic goals of complex re- 
search projects Involving teams of senior sotenllsts, 
and engineers. A PhD in a field of Ihe Earth Sotenoes 
l* preferred with significant applicable experience. 
Salary: over $50k; 


Applications Will be considered no later than April 4, 
'981. Interested Individuals should forward two resu- 
mes Including, salary history to: Employment Office, 
iawrencg Berkeley laboratory. One cyclotron 


Drive, Berkeley. CA 94720. An aqual opportunity 
employer m/f: * ■ : ■'••• ■ 
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9th Caribbean Geological Conference 
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The ninth in a series of Caribbean Geological Confer- 
ences, which are held evety 3 or 4 years, took place in Santo 
Domingo, capital of the Dominican Republic, from the 15th to 
26th of August 1 980. The conference, which was sponsored 
by the government of the Dominican Republic and the Uni- 
versidad Catolfca Madre y Maestra, was preceded by 2 days 
ot field trips and was opened by President Antonio Guzman 
on the evening of the 1 7th of August. Generous support was 
provided by Alcoa Exploration Co., Falconbridge Domini- 
cans, and Rosario Dominicans. 

Geologists and geophysicists from 25 countries presented 
about 130 papers on a wide variety of topics ranging from 
geophysics to paleontology. While the whole Caribbean area 
was discussed, there was special emphasis on the northern 
Caribbean and Hispaniola, as befitted the site of the confer- 
ence. The contribution of workers from the DirecciOn General 
de Mineria was particularly notable. 

Much of the structure, geophysics, and petrology sessions 
was directed toward attempting a clearer understanding of 
the tectonic development of the Caribbean region. Most pa- 
pers concentrated on the geometrical, geophysical, and geo- 
logical constraints rather than on comprehensive models. A 


panel discussion on the tectonics of the northern Caribbean 
summarized the widely differing opinions on the development 
of that particular region. 

There seemed to be a general consensus of opinion that 
the neotectonlc8 of the northern and southern boundaries of 
the Caribbean plate are dominated by zones of simple shear, 
with localized compression related lo the eastward move- 
ment of Ihe plate in relation to North and South America. New 
evidence from Jamaica and Hispaniola demonstrated that 
this is a wide zone (at teas! 200 km), as in the southern 
boundary. However, the time of initiation of this deformation 
is still somewhat obscure. 

Other than agreement that the pre-Tertiary tectonic pattern 
must be constrained by the relative positions of North and 
South America throughout Jurassic and Cretaceous times, 
little consensus of opinion on the earlier development of the 
Caribbean was reached. There was agreement that arc sys- 
tems dominated, but there was much discussion on tho age, 
number, relative positions, and polarity of Cretaceous island 
arcs. Despite a wealth of structural, petrological and geo- 
chemical data on Cretaceous igneous and metamorphic 
rocks, including new data from Jamaica and Hispaniola, the 
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' This satellite radar Image of the nbrtheairterri Dominican Republic, on the island of Hispaniola, was aoquired by NASA'S Seaiat -. 

. ' sateHIfe, which was built and managed by ihe Jet Propdsion Laboratory. The image is approximately. 1 00 km on a aide, and north 15 . 
'toward the upper right. The Hneiftrough the Image center Is the result af a radar caltoratton pulse. ;,i ... 1 

Islands of the Greater Antilles group lie bn Ihe northern boundary ol the Caribbean plete. Strike slip motion along this boundary Is 
, , ’ evident from major faults through the Island of Hfepanlote. Thelr trend la dominantly eaat-wasl. and In this image they strongly outline the . 

Cltfco Valley (upper left tp iowerrtghl). Leift lateral movemehl along the faults la suggested by oltaet drainage patterns, noiabfy in Ihe lower 


CBbo Valley {upper left tp lower right). Left lateral movemehl along the faults la suggested oy onaet drainage patterns, notabfy in the lower 
' center of thri Image. Wave cut terraces In Plalaiocene-to-rpcerit carbonates, near Cabo Frances Viejo (peninsula In the upppr right) ; 

. . suggest that rapid uplift Is also occurring along this pbrttori of the plate boundary. {Photo aupplled by J. H. Dixon, Radar Remote Sensing 
.Twn; Jet Propulfitoh Laboretory.); ; , V; ' •’ 'p ?■ '.V»! 
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nature of these arcs and their relation to modern arcs are still 
not clear, ft became apparent (to this writer at least) that 
much could be accomplished by systematic isotopic studies 
on crystalline rocks to augment recent structural, strati- 
graphic, and petrological work. 

The papers on sedimenloloQy, stratigraphy, and paleontol- 
ogy were mainly concerned with Hispaniola. Recent work by 
two French teams, one from the Institul Francals du Petrole 
and tho other from the Universito Pierre et Merle Curio, de- 
scribed thick Neogene sections In southern Hispaniola. 

These were interpreted as an equivalent of tho underthrust 
sediments of the Muertos trough and as an Alpine-type 
IlyscWmolasse sequence, respectively. Stratigraphic and 
seel imento logical investigations and tectonic Implications for 
other parts of southern Hispaniola were also described. 
Stratigraphic, sedlmenlo log leal, and paloontologlcal studies 
of Tertiary rocks in northern Hispaniola were also discussed. 
This included a major presentation ol results of an inter- 
disciplinary Investigation of classic Neogone sections by an 
International team coordinated by geologists from the Natur- 
historisches Museum, Basle. Considerable controversy was 
generated by a new Interpretation of rocks of the Scotland 
district, Barbados, as shaJlow-wator deposits. Another paper 
pointed out that Baibados was likely to have been much (ar- 
therwest and nearer South America during the *ime the rocks 
of the Scotland district wore deposited. 

The sessions on volcanology were dominated by dis- 
cussions by a University ol Puerto Rico team on the charac- 
ter and mechanisms of pyroclastic eruptions in the Lesser 
Antilles. However, there wore other interesting papers that 
dealt with the tectonic framework of the Lesser Antilles, geo- 
thermal Investigations In Martinique, and the 1979 eruption of 
Soufrfero. St. Vinconl. Also ol note was the description ot the 
very recent alkallc votcanics of Hl9panrola. 

Tho economic geology section wn9 ono ol tt>© largest over 


at a Caribbean conference. The enigmatic Los Ranchos For- 
mation In the Dominican Republic, which is the host of the 
western hemisphere's largest and oldest gold mine, was 
widely discussed, as was Caribbean metallogenesls, princi- 
pally in Jamaica and Venezuela. Contributors from the Do- 
minican Republic, Jamaica, and Venezuela also presented 
papers on petroleum and industrial minerals. 

Marine geology has always figured prominently in the Car- 
ibbean Geological Conferences, and at this meeting, high- 
lights included French studies of the submarine geology of 
the Lesser Antillean Arc and Avea ridge which were com- 
plemented by a report on a deep test (Saba Bank No. 1 ) that 
bottomed In Paleocene andesite porphyry. Papers were pre- 
sented on the paleomagnetlsm of both northern and southern 
margins of the Caribbean which confirmed the substantial ro- 
tations in both areas indicated by earlier studies. The gen- 
eral absence of magnetic anomaly signatures from the Vene- 
zuelan and Colombian basins, and tha possibility that struc- 
tures such as the Hess escarpments may be old fracture 
zones, were discussed. An assessment of the magnetic 
anomaly field of the Yucatan basin provides a useful basis for 
lulure research, and presentation of geoid anomalies of the 
Caribbean represented a contribution In a rapidly advancing 
field. 

The conference was concluded by a stimulating (and de- 
manding) 4-day field trip, which effectively presented a cross 
section of the geology of the Dominican Republic. 

Further information, abstracts, and guidebooks can be ob- 
tained from 9* Conference Georgia del Caribe, Apartado 
2719, Santo Domingo, Dominican Republic. 


This mooting report was prepared by Qren Draper, who Is 
with tho Department of Physical Sciences, Florida Inter- 
national University, Miami, Florida. 


BERKNER MEMBERSHIPS 
Grants for Scientists in 
Developing Countries 

Free membership for three years is being offered to 
j scientists in developing countries that have little or no 
| access to ACU publications. Applications are now 
I being accepted. 

ACU members are encouraged to send names and 
| addresses ol such individuals to ACU so that applica- 
tions and details can be forwarded. Current members 
I are not eligible. 

This program is a living memorial to Lloyd Berkner 
| whose devotion to the encouragement of young 
scientists and stimulation ol international activities 
will long be remembered. 

Applications and further details are available from: 

Member Programs Division 
American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D. C. 20009 
U. S. A. 



Separates ... a great value! 

Print quality reprints of individual articles from AGU journals 
nro available at a nominal cost to you ' 

To Outer: Tho order number can be found at thu end ot each abstract; uso all 
seven digits when ordering 

Coat : S3 50 lor the Ural article and SI. 00 lor each additional article m tho 
same order. Payment must accompany order. 

Oeposlt Account: A minimum of $10.00 may be placed on deposit with AGU tor the 
purchase of separates If funds are on deposit, tho cost of the first 
article is only $2 00 and Si no to* each additional article in ihe same 
order. 

Separates will bo mailed within 3 weeks ot journal publication or within 10 
days it ordered after tho journal has appeared Separates are available lor 
purchase for two years Irom dale ol publication 

Articles from Reviews of Geophysics and Space Physics are available (or all 
regular issues since Ihe Journal s inception. Indicate author's name, issue and 
year when ordering These articles are excellent lor classroom use. 

Send your order to American Geophysical Union 
2000 Florida Avenue, NW. 

Washington, D.C. 20009 


Geomagnetism and 
Paleomagnetlsm 
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alia laich n(nl-i ol jr.j In-sStu gssifl- 

cdtU’nf 11;nite. Eai-ples of ccnirurunt nl* 


Sfttiti a-S site rtilcratlon are cruice-il. 
»im Brs.-ur. Ur*., ra;a( )'5U17t6 


Meteorology 


‘Ti*- ■■ r-Jl.al <ll| s a-l .-r.-3i.nl Ir.-rru -d:u 

1 I: :> l J; V. 1 .1 ■ K'A, •'* 7 .K i | •Vj- • lh;iM|J.F.V £ 
f t: 1.K 1C 7', M'.'l.'ll 7 ■ > ns:« -Al 1*1.115 .:jr ,-.s VFA 
S*;*i 1-,. . l! ■■i. 

I i«l< l‘ • 1 ■.* :* ;r./.,l.«l .'.-Irr-Fi, '.Vr/Jn 
i-ii it. •« r rr-.h-ui-e,. aiim<**. r» r-ijn ». 

r - '• «j-ii w. n>i;a, 

n - rati a’, ai ,l«ll m arn rrairc-.«Jl thlch riil- 
M-.a IM tViiaiblr av.ru*. .la ■ r in* .•,,/«,« ,i CTl „j k 'i 
IfrrfrrrP. t >l| .il r>i.Ji|, 4 f,^.a ,1» 

I. ■«-» J rii..f*i'n-, 1r->al*«,e ir. s-tcurlrd 

..»• ."il In. Mi tr ir/j. i|h*rK- yS. ai ij im, 

r.rr *na *rrn |ht MnAa irrui. I or till nu- 

VrtiVn alatr J1 tlrllul 1 n Oialllr^; fr-a 
;hr (r« n, i i-l'M • « XU ar 1 an aaaralarBl or 

•s* ..1 shan forv-J Ir r>l|1 k l»rrl*. 

C *»-:T|1. lea. !.**(., fa fa* I0L13F9 


?rj! all l.ir. anS ,:r.ralTBl lOirMctlCM 

M W'l?W157«- K,'L5.inf Sir ins mow. 

n * ,? ix the rriBrrri'* rj ini ui cr 

■:i v» U5EH icv.'D lit', m'ccirs 
C'.t'. Cull (rrft.'cl et Dtr;f.jilcil Cclncra, Uaorgla 
leiUtj‘.a cr Trchoolier, Atlanta, Ga. jojij) k.O. 

3.C. Hew, and If. Aaal 

! i»lr* abulitcl lRi<ii[t<(lt rd»si«* In a lab. 
eratetf aVadjr n *rll ai flail Bnpjrnant data 
ttrv rytjacl CANtrm loionu AtaosfMrle Hraanrt- 
dnil bjrrlMil on Tropaaiharle linaai* ua 

> •* ujwlwlil, a i at* ia* at tea bam cm- 
(laird of lb« C*/0 j/SjO lutr indue ad intarfarnco 

inblM. Tim raaal.li lad teat* that, rrrU, irn. 
leal mrina tautlar? lajar, ilrql laV.rfarro:. 1ml 
■ ‘funM 'jUdum tha ornUB riaH amnaoti 
•»p“; S' ■Wrtla" HI lutr turn «. ‘ 

ptored la Hast i j wft r; l«j«r M mnwanUm., 


!•<»». nil Itlirrimd cailrjirs In tha cat* or 
i h*» frr- wore aid.nu.tlnl ly losar. bolng 

■l IS f. r in n.rrarn "ua-n' l-" If/ lunor onar^f ..f 
'MvllliHl 'SlulalMi WeNl that tfc* 
aiUtlr./ 0|/1l|<>ri4l IMcrlarrn-r frjbun could to 
rrh.<r| mil Ouintr by fa. ura ..r five !•. all, 

tin- *i.i# '.-r i»ry nnrr * V> iwr fuioc* tl.c., 
*r 1 n, va. f r.,1. 
i.*v*h*a. fa*. Lalt.. mar *011190 


3720 cllrutoloey 

A CIIKATK ttiLtl WIW ClfODVIUUncS MIC- CP3C.VWUILC9 
N. CM I I -an rant Inmtota at HaUmatlcjl 
Sclrr.cra, Haw ferl Mtaaially, nrv Vorh. 1001J 
'-'3*1 aril H. La TtMt 

*a rr,»»ri a MjMjr alrpllllcd, aoro-d leaMlen- 

• 1 K-lal ol tho cllr.it lo ayitng. Tha oodol 
attaift* *o Ir.^lprit* nc.-hanlen ir-portait rn 
IVf tine a Ml a et jlaclatlon cyclna. nanaly If 4 - 
In' y.-ua. In I Utlcular. iha radiation balanca 
of 'to oc«ar-auui|haro, the fUnlc riou of 
Continental lea alaoia, «M tna vla:oua flow of 
thr D|yar o-mtla ara u'm. inlc. account. Tha 

• Km >■ an tha Interact I- 1. bataaon tha cryt- 
*|h«x* (lea aheam an.1 tho aytt.rneaphara lunar 
aafitlal , which hal ml haan »*Xan Into accent in 
|r aalooa arar^y- balance or leo-*haat nodal* of 
cl laa t a iVaartaan. 1*701 bailor, at a!., 1979), 

Tta nodal aahlhlti fraa. aalf-rratainad oiell- 
lailana of an aai-lltud* and period CMC pa (ah l a to 
tl-.cia f trend in tha (Jl^l irwilc la.-nrS ol qlaot- 
atlcra. via.. o'lC »i and QUO 4 yaaral. raapae- 
tlvaly. Su;h qaelUaUana had Hi.iAj ta«n leund 
In tha alrplcr nodal of fillan ot aJ. 11971, 

19711. Tha fait that junltr-av. aalC-ruouir.td 
oaelllatlana alaa :ktaln for tta |ras«nt. allqht- 
ly ncra coarlu ncdrl la Intaraatlri, It offara 
alia aopport to tr.* ld*a that untorcad oacllla- 
tiana can actually ulat in Uta reel cllcatle 
«V»un itaall. That* Qie til tiler* ui character- 
lead by a quartar-fhaaa Uj batman lea mutant 
*al fllotel tan; traiura . 

Clvan that tia cl ini tic s-yato Is a nonllnaar 
carlUatfit with * far Led of Q|10* yearn) . U II 
ex fee t that a a Iron ml cal forclr.] at 19,000, 

31, COO ar.3 dl.CuO yura will lead u suhharaoale 
oacillatlaca with a parted cion ts I00.no-) yairi, 
Uta doatfiant. period of 4 Lac laden cyalea . Such 
affacta hava alraady baan noilcad In tha woek cf 
llichttald and Haaroan <147 B I with an avao 
alapler acdal. ItcSodlcrj only elaolar dynaaloa. 

tt.a earaful atuly of the Interplay between 
Internal Kachanlaaa aad external forcing with 
ccofarahle tlaa aealaa repraaenta an intaroatlnq 
challtnpa to the theory of l* a eye*. The result* 
of rich ehsoratieal atulleo can elao provlda 
9Uldanea fer oWeivatloMl wort, in particular, 
p«xloSicll1*3 of 0I10 4 yaart) In Uta cllaata 
raocrl ahd phase laps faatwaan lea to 1 urn* and 
capexaturo *u«ar to ha auppjrtad by the ao*t 
feoast polecqeoehsilcal lr.veitl9*Uona. 

J. Gaephys. Res.. Griao, Paper 80C178! 


lor.lc intent lion* and prucnei 
fiiip tiwifijiifp lour nwpoisu w :ce cristals 

».C. )|,'lnrji, * If. Hjcafcc and J.i. I r I tarns 
I'V’iiW.II) „r ToivnU'i 

Tlr rharelng (■■ltd *rd ih* iriumlnn value, 

uf fall, rkifitc and (otenital hive hern deiernl- 
n»d l-r tit caul eideli with lyyUtl lc« cr>i- 
t«l Iblpe* (F illet, coluvni. needle, place and 
dcn.lrltal wlih Jlffeier.l orientation* In a unl- 
Iwlar lop cnirci'i, in c>''Mitlopa that sals th* 
[hirjknp prncpaa f aelJ-c ent rul ltd . Hetal lpharas 
or «r,eial *!:«• ware alto utej, ■* a referenda. 

It via fvimd that ita ihenrv i*f rield-ccm rol- 
led cMryln* fur tpheret adequately dqacrlbet 
the i-Keeea r,-r lee in*r»t, proOdrJ tho varu- 
Me I, hir*o nr p'irnllall it aoltlpllcd by a 
fciar depfriJinp on ihapr and ntlrnutlon. Thui 
the eatwratli'fi t'-srjn per unit trot* section 
etjcufd »« tho |<>n iurroit varied fri'a O.d to 15 
tlnaa that f«r a sphere, for the s>lels tiled. 

The reaoll* at* relevant IS I he form* lien of 
ihlrlJlnp layrrt al the upper le.el or thunder- 
clcuJi. The neiturrnenii aleo pro, Ida ret laalei 
or a raraialer (nuaerlcally equal to cnpncltan- 
cei that cent tela tha rat* of |ib»th by aubll- 
■alien . 

J- Gnpbpl. Grain, Tapir I0CIIIQ 


VIP I term 

enunuub or AtwnrBEafc ructmmw kim- 

* CUIAL SUJtVET 

I. A. Hcuaa, ir. (Daparimnt of UanpharK 
felancta. Uni varsity of VaaUagreo, Seat cl a) 
h nrvoy of atmapbade precipitation aystwa, 
tdaplai Fra aid- latitude cplepu and tbundar- 
■toraa to tropical cloud elustsra. buyr leant* aad 
omiocm, ahowv that all lie** ryiiau n . »*ll 
aMe riled In term ol iba rather traditional c°n- 
cipt* af at rat lion and convactlva piaeipltatloq. 
la atratlfSTB prtelpltatlm, lea partlolaa ittm 

at they diif\ ddiOwnd ftn HS|h level* ,aad ul, ' 

tbre^ a w»]l-darioad oaltldf layer. In cas' 
v*eilr» pndpltatlon, pirtlcU* b* a l n (rovina 
■l lev 1***1* and an cstrlod apntd by a treat 


updrafLa and fall out In Intanao vartlcally- 
or lanced ahooara. Hidom obaorvac Lona show 
that all iht eajpi typaa of precipitation ob- 
aarvad over tho globe can ba and often are cod- 
blnatlona ol thaao two basic typ#a of praclpi ta- 
ttoo. Liiralroplcal cyclonic precipitation la 
basically strati roRi; howavar, it La typically 
Intanairied In rogloni called ralnbond*. Soma 
calnbanda ara highly conv«ctivo faacurea, which 
oovs thTow|h tha ha* Lc «liati<r>TS prat Lpltac Lon. 
In othar ralobaiulm. shallow convwctlva calls 
occur aloft and haip to aahonco cha baalc at ra- 
ti fonn precipitation, nld- latitude tbundir- 
« Coro* and tropical precipitation ayataoi ara 
basically convict We, howavar, arratlfom pra- 
clpltoc ton can davalop In tholr B>ld-to-]at* 
acagaa of davalopaanc. Thl* typo of attallfot* 
praclpltatlon, which can bloom quits eatanalvo 
In both tropical and old-latitude ayataca, 
apparently arlaoa jo groups or auccaaalona of 
active convactlva c«4a leave It* parclclaa 
aloft lo asttla downward gradually after th* 
calla* updraft a die out. 

*»d . Til., fiper 8031741 


Mineralogy, Petrology, 
and Crystal Chemistry 

1250 Mineral occurrences and dapoaita. 
KM>GMUTE PSEUtiC-V-UPPHS fcfTEP KT WITTE IN 
GLEFI ESK, SCOTLAND. 

Emm. Baltataladnatltuta of Hlnoralo^y 
and Petrology, Tho National University of 
Achona, PaJiepiatlmlopolla, Ano Illaaia, 
hthaino{821), Greece) and C.Ratagas. 

Description of a naw occurrence of Mar- 
qarite in a graphitic qnalao near Fatter- 
calm village, clan Eak, Scotland. Marga- 
rita occurs aa paaudomorphB after Kyanlta 
and contalfla conaldarahle paragonlte com- 
ponent in aolid aolutlon (‘*—25.5 nola b) . 
The data presented enable eatafaliahnent 
of another tie line on the white mica 
plane of tha ayatera AljO^-CaO-NajO-EjO- 
StOj-HjO. (Margarita, paaudoreorphai Glen 
Bak, Scotland) . 

Aaor, Mineral 


Particles and Fields- 
Interplanetary Space 


3940 Short waves 

MICRO INSTABILITIES UFBT1UUK 0V THR EARTH'S low 
fflOCKl A BRIEF REVIEW 

I. Patar Gary (Physics Division, IToivarilcy of 
California, laa Alamos SclwilFle Laboratory, 
Ua Alaaot, KH B73AS 

Thl* la a briaf review of abort vavalaagth 
fluetuatleu and tholr aiaotlatad phenomna 
upatraaa of tba earth's bow shock, Boureaa of 
frea aoargy, Lha eoat likely Instabilities and 
tha aisoclited bodIIOmc conaaquanees which 
aiy ba obaarvad ara dlicuaisd, 

J. 0 aophy a. Rea,, Blue, Papal 8QA1678 


3370 Solir wind eeqneKc fltldt 
IHF SECTOR BEHAVIOR ESTIMATED FROM THE 
SEOHASNETIC DATA AT SOUTH POLE 
S. MgtsuihlU (High ATtltudB Obsarvatoryi 
K«, Boulder, Colorado 80307) and H.-V. Xu 


S. MgtsuihlU (High ATtltudB Obiervatoryi 
K«, Boulder, Colorado 80307) and W.-Y. Xu 
IMF sactor bihgylor which has previously been 
astlnated fhoe the geengnetlc data at fiodhavn 1 
li confirmed hy the itu<& of the data al South 
Pole fttr 1969-1070 with the same estimation 


TT ■ *»l bill UbIIQblV" 

tKhnlque, taking tha difference between northern 
and southern heal spheres Into considerations A - 
astta^ to Ir^Tovt (at»ut JM) the agreeamt 


-~wamm T w ipviviv \IWVb VnB 

between assigned end actual aecldr stmeturos by • 
Ihe study of tha data et tha two stellons'ls ' 
sunasled. . feoeagnetlc disturbance afreet* on . 
sector estlHtlon are dlicussad. aFid reversad. 
iRctor effbcti In winter. are given a apecfal >■ 
•Phials.. - 

2. flaopfays) Rta., llna, Papar 80*1638 ; . |- .. 
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SPEED VARiATIOea OBSERVED 

a u'Ll (Deophyslcal toatltuta. italvareltf 
AUike 99701) .Od S-l. 

U a**" to In Carp ret aolar wind 
„rUtloo« observed *t Che eorcb*. a la tanas, 
rh, aolar cyel. variation., the ml- 
,„ietl0B». end the 27-day varUclone, aa 
i M polar U? ebenaea of tha toterplane- 
VuMlla f laid, aalaly in term a* two 
i poiUlvo latitudinal Rtidlanc of the 
* i« riad OP*^ «* ■ vobbl lag aolar dipole, 
ti.Jwith the aanoal {hello apbarlc) letltu- 

EifiSlo. of th. eerth. « 1. eho-0 chet 
? .lg.ifl.rtt port of tho eolar wind varieties* 
‘ L Its natch'* dLitanca and tha change* 

!i salulty pa«»« 01 * h * »«nrpl«*Mry -T 

„tU fl«U e« b« reaaoaably wnU reproduoed by 

aV| CM 

j. onphja. Pa|, “ 80aliM 


Particles and Fields — 
Ionosphere 


mouiyuo-jOA) Aiwaowi a horphoiogical stuot 

j H. T«a*(Spare Phyalt* Research Laboratory, 
Ualvarstly of Michigan, Aon Arbor. W 481091, 
u. i, abraii ond P. 8. Flay* • ^ , 

A iiatlalirol atody of tha 7320-70A (0 (*P> - 
0 f ( J D)l alrglou was conducted by enalyaing tho 
Sett lakes iron the Visible Airglow Experiment 
(VAE) oa th* Atmoaphor* Explorer (AE1 aotallltoa 
C gad E dating th* tto* p«rlod* botwron 1974 
■nd 1979. Averaged tolurm ulaaloa rate profile! 
u a fuoetion of aolar iaolth angle and aolar 
artlrtty variation are preanneed hen. The ga- 
lactic brrtg round h*a bean carefully auhtroctad. 
TM mull thoue that tha rata of datreaalng 
nlaalm »* ■ function of aolar sonlth angle 
«g(Mj vltb the theoratleel eelcuUtlon baaed 
upon a noutral aeiaoapharo model and tha aolar 
i-pcErua aa Maaurod by the EW apeclroB*tex 
00 th* Atmaphera Explorer aotelllr*. purthar- 
eare, an a, parted Incraaeo with aolar activiey 
also aptutad in a plot of amleilon brlghtnee* 
vataui lolal 10.7 ca flux, 
j, C aophy a. Roe., Blue, Paper 8QAIS90 


SS1I Jnrora* 

RtfajHCAL BIMULATinrS OR ION ACO09TIC DQIBU 

MTtU 

9, rnto aad K. Ocode (Plane Ihyiioa UboretotT, 
Prints toe University, Prlnoetoa, N.J. 0IS44 
D.I.A.) 

A eoaprahaaalve mmarlMl afeudy of Ion aoouatlo 
do tibia liyaro ha* be* a perromod for both 
periodic aad aan-porlodlo Byotna by aoena of 
oa*-41aaiale..tl peittoVe elamlatlone. it l* 
found (bat the maber of double layer* end the 
associated potential Juqp aoroas the eystan 
Inoraaaaa with th* Spain length. Vie potential 
)tow tare*a a alngla doufalo layer le 
add/P <1 and tha aaperetlon batwaan two 
cooasJtin double liyere la typleallp 1800 Debye 
Wagth, Plane heetlnq oen be as large aa IS\ of 
tha original teaperatnrs due to tha double layer 
laducad • sou Iona resistivity. Dm double layer 
le foaid datable vtth reepaot 'to aolltn 
foreatlon, (Doubla layer, loa-aoouatlo 

Instability, alaotrlo field), 
d. OeopRya. Baa., Blue, Paper 80U767 


59IS Ajrorn 

W.'lAllto OF '.TABU AUSQRAL RED (3ARJ 
44C OtCUMTWI RATES 

D. ». ilUar iPod Me Northwest LoborAlo'y 
Cpice Scimcet Dlv., R.O. Dor 999. Richland, WA. 
«n») mb 1. 1. 'jpith 

4 ccrpr«hcnt Ive search of Stable Auroral Red 
(54R) ire occurrences during the period covering 
»l«r Cycle 70 (1968-1978) using dou collected 


ty pholvetdrr located *i Richland, wuhlnoton 
(49. 1”;, he: yielded a large dots bane 

by Which to attain* occurrence rites, Fne pre- 
l*nl Plptr Ml Iderlllltd two major modulations 
of thl* rat*. It Is eitabllthed lh*t the Ear *rc 
occurrence r»le displays a phase lag of appro. I- 
"■•lel* 7 or 3 yaars when cwpared to the solar 
cycle activity as determined by sunspot numbers- 
Addition* 11/, a rather distinct sunmer time /annual 
"inlrin q| occurrence Frequency Is denon'.troled 
(northern hemisphere turner). A impend 'urn of 
th)ie crenlt Identified from the Richland observ- 
atory Is presented. Current SAR arc Identifi- 


cations (into 1980) support these findings. 
J. Caoptyi. Rea. , Blue, leper 80A17J1 


3315 Auroral 

TOLU CA? F UIW AURORAS 

E.J. Vabar (Bogle Cbltag* Reaeerch Canter, 

Vutoa, M 02193) 3. Buohau 
Mar oep aurorae war* eaeaurwd et Tbulo Air 
*“•; Qr# R Blend in Dooeaber 1979, using en ell 
•ky leeglng pbotcealer. These Langes, oamblned 
vlth digital lon&ioad* neaiur aments, show th* 
oriental lo o, itruoturo, and drirt motion of eun- 
JllEnod. T layer auroras, Drirta In both the 
aavn-to-duak and duak-to-davn diraotlan were ob- 
served. Thun auroras were not visible on the 
all aky euare f Lie* i however, eolooldent Defenaa 
He teorolo gloat SeteULte Program (OB?) preelpl- 
“iiog aieotroo meaeweMote abov that thoae 
<E ! ^ Ouxea of low anargy 
1E«JD0 «I) also trow., Simultaneous aeteUlbe- 

signal arpUiuda moaaurmant* show 

■u. < * *** acoosipanlad by hm laale 

.♦-I- Irregularities, whlob osuee 

■tteag nuotaationa ( icintJUatloe) 

M#,,¥ * d iRteUlt* fignal. (Tblar cap, 
polar eap t l*y tri aolntUiation). 
ba, Lett., Fipir B0L1743 


THE FW IOH CCKPOSmOH IS 

HUH mRSL"?® ^KQIOH FOR EOLAR KMI- 

j.j. .J 40 *" 01 ' ttnmx 

antes I.a. l,r ftr Ataoepherlo and Space Sel- 


enciq , k . : nvuDpnaria m 

w, j, Unlvaralty , Logan, llteh 8*322) 

Mllh* ■ RlHPlR plasma convention model 

order l4 "* a Pharlo-*t»eoph*ria density model In 

Uft-tauj?"!!. th * lon oo "P e,lt,on ,n . ,**■ 

for vltivsr T-ragion it aoler miblmue 

,l| M» or«* , 2 , * n,t * a eatlvltf . Our earner loal 


,1 >M» oral Wtivlty. our numenoa* 

diU!Ir. tt "*' <lllp#od,,,t > 3-dlBenstonal , ljn 
0*. 1* j! y butl «* ““ lone N0*. 0*. Rl. 

0flT * r ?f hha blgb-latHfido lf- 


t itude, 5? v# 5 ' * migaatlo latitude end at *1- 
»f on. 160 iBd 100 km rbr a tl«* period 

that i nV'Ii* d *3' from our study w* Cosed 
fleigi loB Roopoeltlon erhlblt* ■ ei|bl- 

‘w*. Im ,ll0n vlth •■tieud*. loael tlB*. eltl- 
Mi* l * ,lv,r "* 1 ti„, (2) The vert «fc lone of 

ire .. .”* pQ,lu vn Wth latitude and looel time 
•r ^ Bfreemant with the Atmosphere Btplor- 
tlvBiy, h»th quantitatively and quellte- 

■°)M«lir 104 * ueetlone ttj 

daaau. I 011 dBBBlt k «•" be comparable to the 0 
oan ba '*Jr 300 km, end at BOO ka the 0 deneltf 
Thai* 10 “R aolaouler lon denalty. 

Iitffrw?. 1,Mg 3sportaot lmpllootlone for th* 
ohT.1 of ln0 °har*ot so attar radar epea- 

icouad-Urt? J 1 u th-UtStMaat (I) Dirrer.nt 
dlfferaxlj. ob «* , ’'«Llos »lt«n ebauld meaeur* 
•»tn ir iu ■ IWn, L varlaWone in ion oompoaltlon 
■tgrvstla ,p » approx iaately at the ie» 

klah-Uu . ll ^ it "dv owing to the OT raapooea of tha 1 
3 DO konoaphar.i CS> A gate! I Its In a 

orbit POLar orbit’ should otaun-a largo 

If im v * r i , H°n* In both elMtrpd danel- 

r *»PMH J" •*« ln WH W U*-* 

«ua , * P°T * r loooepherer eng (6) trronf- 

*o*ia x!? v ‘ ori * "•R b * drawn about ion dona UP 
or a lf “*• variations aloe* the trabk 

ara rtUptietf polar’ orbit 

Uana *” * b " °° ,Jf 60 alLlui d* t »“ rl »- 


?3ou rare le la precipitation 

WHUITKG SECTOR IDS PRECIPITATION FOLUHUK 

3UB3TOKM INJECTIONS 

J -A> S»uv*u4 (CiBtro d* Etude Spatlala daa Peyna- 
osaentl, CKRJ-Unlvaral tfi Paul Sabatier, 1I0J9 
Tou louse Cddax, franc*) , J. Crainlor. K. Usual*, 
R.A. Povraihkln, K.V. Jorjlo 
The auroraL ion Duauraaanca 10.4 - 30 taV) 
mid* from the polar tacellLt* Aursul-I ban re- 
velled two type a of praclpltatlon with different 
anargy cberauecletlce In chi nnnal end sub- 
lurotal alghttime rona s I) in tha ancira night- 
tiae auroral isna a proton praclpiLatloa with an 
average rouging from - 5 loV to at laaet I! it*V, 
which cotnrldaa with th* region cf auroral Ralcir 
t*r l as liner aalaalon al obsirnd from tha ground. 
Thl large scale Chirac ter la tic ol chla precipita- 
tion reflects th* adiabatic accelsratluu ot th» 
protons In tba plannashaat snd thalr dr Ml no- 
clone lu the outar megnecoaphara (Gel par in rtiL, 
I97B> . 2) A aubauroral praclpitaclon of Iona 
with anargy leas chan 12 to 13 kaV limited to tha 
corning aaocor batwaan opproxlnately 0411 and 09 - 
06H HLT. Thli newly ohaarvad scruetur* la spora- 
dic and cakaa placo lu th* hours toluwieg tha 
inject lone of plasmaohaec partlcln Into the lu- 
nar magnecospbara at the onset of magnatoapharlc 

subitems*. Tha Ionospheric regies affected by (bo 

praclpltatlon corraaponda. In th* equatorial pla- 
na, co the sow in which Alfvgn layers result 
fron cha ion drllt pattern (from tbs addtd affec- 
ts ot convection and corotation alactrlc flalds 
and from magnetic field gradient). It 1* shown 
tbit tha electric and magna tic flalds modal* de- 
rived by Kc Ilwalu (1972) fron tha anargy disper- 
sion ot th* particles Injected et fa.b Rg at th* 
mbit or® onaic accounts foe tba main apodal and 
aottgy charsc carl it lev of this lov-anargy ion 
aubauroral precipitation. 

Thla result la obtained by BxtiBdipg tha logic 
used Co study tbs proton "noser" (Saleh and 
Hoffman, !974| Xonradi mt al. . 1976) from tha 
evaalng aid* to the sornlng side ot the lunar 
magnacoaphara and tbil makss Ir poaalbla to ob- 
tain, from tba injection boundary concopc, a co- 
harant approach to th* aubatorm Injection festu- 
raa at diffaraot local tlma aactori. (Subanroral 


pNcIpltetlon, Alfvdn layer*, aubatorm injection), 
J. c aophy a. Ra*.. glue. Paper S0A171) 


3141 FMoma oallon, convoecioi), or circulation 
*bEL EXOSPHTKS OT TOE R1W.U MANETS 
J.G. Lu hoe rut flnatltuco ol Coophyalci and Plsnolary 
fhyslca, Ihiivirsiry of Cellianili. Lie Angoloi, CA 
90024) and R.J- Walker 

Tha theory of rotating lon ••oapharca in dipolar 
magnet to field geoeotrioe la ward to predict saao 
poaatble effects ol tha rings on cha lunar plana- 
apharea ot the rlngod plaoeca Jupiter, Return, and 
Uranus. Plssa) eaoapheros can a let of fout typav 
of psrrlclaii 11 Bolllatlc particles with trs- 
JartorlBB that lacoraect the owbaao In either hem- 
isphere, 2) trapped particle* with crojcctorlaa 
that do not Internet tho orohaet In either houl- 
apbere, 3) escaping particle* which travel Iron 
the axobsso to tha conlugata ainbaae, and <•) In- 
cooing perclclei which elnllirly active at the a*o- 
hase From cha conjugate ovohaae. Tha ennlvaia 
carried out herein osaumoe a portly lonoapharlt 
source . It La found that II l ho ring! of fact the 
trapped plaiua only, (he cold plasma danalty at 
let urn Is either reduced or ln<raaeaJ by a factor 
at •: at L « 1,49. dnpandlng as whethsr th» ring 
populates or aaprlaa tho trapped trajectories. The 
Ionospheric plasma density at I'ratma similarly de- 
panda on rhe properties of lt* n >>a' rings. At 
Jupiter, however, lonoaphorlc particle* In rhe in- 
nat plaamaaphere ara primarily on ballistic tra- 
jectories which do not Intaraect tho rings arcapt 
pisalhW at longltudea what* ih« ting* art far 
froo tha magnetic equator Ido* to the non-d<polar 
uegnetlc corponenta ol Jupltar'i ftnldl. Uhen rhe 
propart Laa of (he ring* a* Mortal and sink* of 
Iona ar* more accurately daterulnid, these conclu- 
sions may hava to be altered. However. It II found 
that ir all cold pleas* psrrirlai on trapped orbits 
nte absorbed end ih* ring* are not * aource of 
plaiua, this staple exospheric theory can upleln 
rhs Ionospheric denalty profile Inferred fron Ihe 
Pienaar li Saturn radio oeeultsiion eaparlnont, 

In which ■ 1oc*l Uad p**b ta (»» profile waa ob- 
a anted on field Itneo threading cha Cuerin division 
between the C and P ring.. The reeulte of th. 
lmtasnt Voyager radta occultattoo obaervatlona 
will provide no re data Tor quantitative analyas* 
with th* exospheric model. 

Geopbye. Ree. Lett., Paper R0U371 


5393 Plaema cation, ctnvartlan, or tlr- 

polar'cap PLAEKA now lhtRt beg j on 
y. Prindehl , I.C. rrlcdaal, and 

F. Open* slsv , banlab Dpaca Ranaareh 

lost 1 1 at e , DK-2800 Lyogby, DancerK 
A region of M«h Plo.n. flow voloclty 
ciaurtl tbout noon ^ diy~ 

B |de Rurortl ovil, led it indieM-ed by 
tha 0KC (Blent l Condition) plains 
Instability faaturoe aeon an lofloaosd* 


reoordlr.fi. The BmVl» »« Ak«Lrlbutloa 
curves at Codhtvn (7T.5 W Invariant 


latitude) and Tor *»1 Kp Rhuv vlrt*.llp 
no sni rt in local lime Tor ■ change of 
sign or IMF B . 

A •■par it ion of tb* data Into Kp *3 
and Kp ■ 3 aDowa no *blrt U local lino 

oorrotstad vlth B v for «P a 1 *•*/• th * 

laDOipher le sound Jr at Oodbavn 5® v *» 
under (or aovlta of) tb ■ *«■». W *P » 
3 th* *ound*r DOV** Inald* th* polar 
o.p and th. 8EC dl.trlbrtlon «.rvm* 
a how • omall B-d*p*ndont shift In the 
see. direction*.* the ebift 
trek polar cap of targ* *l*atrle fllU 
lad high ftov relooity. 

Thla suggaata that tb* pUema flow In 
*nd sqpatorvard of tha threat ragion I* 
Independent or tba polarity of & y . 

J. Qaopby*. Raa., Blna, Pop** WA170I 


Particles and Fields— 
Magnetosphere 


3»20 Interaction* batwaan oolar wind and mrmiW- 

Tw'pRCPAOATiOW OF UPSTREAM PR0T0F* BETWIN THE 
EARTH'S BOV SHOCK AM) I SSI- 3 
T.R. Sendereon ISpaoe Scl.nc* 

ESTK. Noordwl Jh, The fleth.rlWlds) *. Falnhwd 

SrprtMntTdlulled onelyal* Of RiWlr* of 5 

rrs: rasr. 1 .rstfasg- 

ssr.-ayat - 

thrsi-dlDenalonal 


r»*w w rron th* large nueber of V- 

srs^s sss su-i Ssrsts 

. r Ml R_ uaetroaa from th* 




.h5wk. btosuea th* ■m*>"tl 0 “• ,n T ■ 

was qul*t and th# ah*r*ourHtlc« »t tb* 

- jrr.™ ffi: 1 ‘S 

mlootrople* f**^*^-— orarM.t* tajhim 


onlaatropte* et t)» “ D !^!a.t * ilihlit. 

■ : 




■nd ten Feral enaracttrlnlai of Jupiter's magnatic 
tall. Thv nagnltud* »r (he Qignetlm field In the 
labea of tha tall la found to d terra Bi, with Jovl- 
nrrtrlc A I alma* approilnitrly »3 r~ ■ , oenpartd 
with (he power law nponrnt c.f -1.7 found for Ihe 
rate ot drertote along the Monear >0 outbound 
trajectory. Voyager ob.-ervatlona of magnetic 
field jenpensnt variations wltn Jovlrintrle dis- 
tance In ihr lall da not rupport the ijnl Torn 
rellnl plsss* out-riow rolel derived frea Pioneer 
dstu. Voyaitf I has rhown that thr ailmuttiBl 
ourrsni died which aurruunla Jupiter I" the lnmr 
•nd middle nagnetoapherr eitcndn "Inllutr l" l In 
Die ani l-'un direction) lo a dlstnr.er of et Irnal 
)0D Pj. In the tell lhl» currinl :)i«it c-nsiata 
of a plan rnret and inMdihd "neutral* rh«fl. 
In thr region of the tall where the rhscl la ab- 
Errvot, th* variation of the magnetic field an a 
rerun of the -hert it rue lure ond its 10- hr 
periodic notion la the dinlnaot vorlnlon corn. 
Studied of both the large-, rnle configuration of 
the ourrsni rteet viewed a* * SurToce ar* of th* 
Internal nruclure of thr inert and its ertmta- 
tlcn Indicate that < 11 it distance* J Jh T. in thr 
tall the died Is oriented within M0° of the 
Jovian equatorial plane, r.ost likely as a result 
of tha ailar wind Interaction with th* Jovian 
nign* to sphere; <21 the surface coves north end 
soutv. within an nnplltuda of aevaral *. wllh 
respect Lo that plant: sr.j rjj at large dlrtances 
thla not Inn is primarily due la ■ rocking or the 
owrrcnt ihstt about the Juplter-Hun line. A 
nsthensttcal eodel that takes the tall g ton (try 
Into account provides a simpler decor tption of 
•hast rollon 1A the deap tall than models based on 
Kiel yymetry. Tha plana ihert th the tall la 
eatlnalrd to have an average thlohriesa 5 P,. 
(Htgnetotall , current she at . magnet o’opherF , 
Jupiter). 

J. Goophya. Ra*., Blue, Piper 8DAL7I8 


5742 HagaetoihaaLh 

JUPITER’S HAGHETOPAUSE, BCU SHOCK lht< lO-Htnld 
NODULATED HAGRETOSIIEATH: Tfl YAGERS I AND 2 
R. F. lapping llaboratory tor Eitratarrastrlal 
Fhyaloa. RAStJaodderd Space Flight Center. 
Greenbelt, HD 20771) L. F. Burlega and L. V. 
E)«ln 

Thla aiaiaary report dl souse* a Jupiter’* 
msgootoptuia, how short and nagnatoahaalh , based 
on rino sails Bignotlo field data froo tha 
Toyag*r l wd 2 encounter a, Eipllult nuttl a of 
tho dsunild* aagnatopiua* and bow snort In 
Jupltor'a orbital plana euploy an aitayrnetnc 
parabola ind hylKrbola, rtsptctlvaly, and satisfy 
average boundary oroaslng positions. Inbound and 
outbound; these models ere detarmlnod se; irately 
for tho two encounieri. Ivoraga nigntopouao 
normal*, eaUarttd by mloloixr verlenca analysos 
of the field, generally satisfy the SbdeVperafc-ola 
to within e few degrees, sicapl for (he Voyager ? 
outbound crasitngs, A new phenomenon his loon 
discovered In Jupiter’s negnetesheoth. It le 
Beni reeled ee (5 or) 10 hour qweil-perlod la 
soduUtlon of the direction of the magnet I o field 
In th* outbound magneto shi a ih. predwlnently In 
tho northward (H) ond sauthuird (3) dlrortlons. 
Il woe assn to occur during both ere suiter a ond 
appears ooat evidant In Voyagor 2 ouLbour.d ob- 
servation*. iha durations of th* H * L Iran at - 
ttona range fr.:o tons of nlhutex lo Iwurs. 
Thaao transuicna occur in B plana panel 1*1 to 
the local model magnetopause lo rot lon. Theaa 

algnalijras nay b* du* to nignelo shoatli flsld Una 
draping moduli te) by tho largo scale "otlvn of 
the megnotoaphirio plean* dl*e. 

Geophy*. Rtt. Watt. , Fapu BQL1781 


37*1 Floarjyiu** 

HTDRDIIAGNETIC WAVE hESIRVAUUSS IH T1IE VICINITY 
OF A KAU-Vf tOSPREFlC FlAIStl DIMITY CFAPILI 
L J. liHlidltl liell t)boro*wrl«a. hotray >1111, 
N.J., Uf»F4l and A. Wolfe* 

Date fron th* *oll Ldb>,jturtM oegnetorcior 
■carton* In iha forth*™ hsmtophar* err .inilvrel 
during ■ rapariad peaseg* of rhe liEE-l eni 
spacecrad through cha aeir local tie* iscirr ei 
th* g ro usd -bias d aratlwna. fha grounJ-beaed diu 
LnJlcatw chat Jomlnant htdrcnunotlc wi-ie 
Iraq urn-- laa ter jus higher wlm d*>.rc>*(<>g i idle l 
Jlltaoce Idacraaalug lantudo on th* Earth' ■ 
surface) , saws* also indicated by ih* data 
recorded along lha aarelUre track. Further, t 
wave reaunaoca Identified In (he groand-braid 
date occurrrJ at a sharp densdiy gradient lo the 
ugnetospbsi* plaec* *» cipofced from TiEI 
parcicle exi-arlcaoia. The thaoratlcal cooJItloas 
for etlstenn of this raioaaac* ere aaoilstenl 
with the lattllice uxagramenca of it|niflcaoc 
I luxe* of I ■ I Iona aa conttlbutora to tha 
□agnatoapher* pleat* population at tbl* tine. 

PBWBiMltfi.'W'ifc.M* 


3763 Plaaaipauaa 

PANCAKE PIITO ABGLE DlSmiGTlOSS IK WARM IONS 
OBSERVED Win ISER-1 

J. L. Rn evict, (Daparraaatof P by alee, Tba 
DnivarSity of A l e hem s la RuateviUm, BuoteviUm, 
Alabaa* 15**9) C. I. Beogb*(, C. B. OuppeU, 
E. a. Shell ly and D. T. Young 
Obaatvetloaa *1 pawaba (peak Ilm eaa* 40 
pitch oagla) diatrlburtan* at lov-enatgy 


(< JOOoV) leu* ar* raportad. Fiocak* dl*l*l- 
bucloms occur often Is aad Re ■lnoltaoo- 
aualy while Cf f fluxes era either imdKMIdl* 
or flold-allgaed. TbaJi IT ond Re’*' paacaU 


Honor ^22>ur 
Colleagues 


The Walter H.Buoher Medal Committee 


Tha coTimltifis. chaired by Bryan L (sacks, is seeking 
; nammaOons tor D)'9 awaid. winch is givan in Ddd-numbDiad 
: years, fat Original contnbuttons lo Iho basic knowtadgaot 
trie earth's crus/ 

Leltora of roFTvinal'on and supporting main rials should bo 
sanl direcuy to faackg al Ihe Departirujni of Gaologcol Sci- 
oncos, CcimoU Unlvergdy. Ilhaca. Mew York 14850 
The ciialion and accoplance tor Ihe 1979 Buchei Meda'isi. 
Edward Irving, wars puhiishod in lha August 1 4. 1 979. issuo 
ol Eos. Previous (ODpienia waie: 


1968 J TuioWJsan 
1S69 James QJiuty 
1870 DavnjT.&figgs 
167i Robert 3. D«M 


1 672 Wiiiam Jason Morgan 
1674 Mhumco Ewing 
197& UynnSyVs® 

1677 BiucoC Haezen 


DEADLINE FOR NOMINATIONS IS JANUARY 9S, I BSt 


dlatribution* typically display charaertristic 
tnnilu ol tha mJst of 10aV aad ara fre- 
quently mixed irlEb higher dsaaity, colder 
(bT < 3*V), Isotropic, quasl-Haxveltlan coapo- 
nante- Ibay appear often vlth In tb* outer 
region* of Ih* plnimaapfanret end *aem (« occur 
ust frequently on th* dsyafdm and near iba 

"^OecpSyl’^oo - \ Blue, Paper BU.U7O0 


3110 ihon-peiiuJ <\««i cbm l day} «at tot tarn* o( 
□ egnetlc Hold 

KLLimrin variation in rt] pulsaiigns at idu 

LATITUDES 

P.R, Suit ||f f* (Hegnei le Oboorvacarr ol (bo <^>1FC. 
P.O. Bus J2 , ReiQisu INN), S.-ulh Afilce) 

A eluJy of cha iccporrl vjilotiuns In ilie hori- 
toalel pitas ell Ipliclly ol P12 pulialivrv lorny- 
da.| al a luv lallluJa slwlion raven)* both swe- 
luinal and annual vorlai l«nt. F-U Ipl Icily do - 
vioxcea FhO positive in negnive (hiuugh iho 
nlghlt Iho great eat Jartease occuta luting )>"' 
vanjior and rlia ansJlesl during Hay. lha varla- 
tlvss orhihlc (r«uJi liailar (•• lh.se in plesnjx- 
phcriL ateciron .JenaliyonJ t iiel iunusphetl ■■ 
fla.ltss .rritent . (Pi) puNiiluns, pc, lari ia( (on, 
till Ipl icity. pi axmaaphcital . 

Cy.jphy*. Ret. lert.i Paper 4<JL 1974 


S7FD Short-period ties* (bin 1 day) varleilcus 
of magnatlc field 

SPECTRAL CHARACTTRI3Tli.-t OF KACNEIIC FI l 
PULSATIONS IM TOR AURORAL RtGI.M AND LUVER 
IJVTirDIS 

M. Eiarublaa IFebloka HeRaetlc lYvaarvalvry , V)'-. 

K ak l oka, Yaeaio-mechl, xllhari-gun. Iberekl 
lll-Ol JAPAN) end T. Selto. 

Tha epeelial cheroelrr letlea or magnsiU ?! 2 
pulsations are atidlad using dace ahlslnnl 
ilBiltaneeua ly over e wUi let 1 tcsiloal nrj" 
fro* (be auroral region (L-F.'l thmugh Icv- 
latltudae (L'L.Rl. the VI 1 vetlol, vSlch li 
commit obaarved over (ha vide lacltudlml 
rang*, ahewi a close relation to the pvartlon of 
tba aaaaclalaJ auroral breakup. U bacoeai 
sherrtar (longarl shin lha amoral breakup ■(*’(• 
a I lower (higher) latitudes. The otaarrailor.nl 
rasulta auba lantlete well the torol-aal oart II*- 
c too modal which Budget U that Ft 2 la reused »•/ 
thl tor ilona L hydroeognelU oecllletlvb of (ha 
gecmagneLU flail line *n<hor*J on tha auroral 
oval, taper (tree, PI 2. aurora, hvdraoagnttlc weret 
j". Ceophya- las.. Blue, Paper BOA154I 


Physical Properties of 
Rocks 


6110 Elasticity, rractuio, aai flaw 
EJffERDdXrAL HIGH TTM7UATUFE AMD Hi'.H PATSSURE 
FAULTS 

« leasers L. 3b*Uem (Departunt of Geological 
Sclantei, »tovu DnLvetalty, Vitwldeut*. Rl GI412) 
Jau Tull la and Tarry Tull la 

Oaforuiion ♦xperlnanta on Hale alblti rock 
have produced fauLt* at 3 to 15 kb confining 
pressure and 700* to 1129‘C. whan hyjfolytlc 
veakenlag ii auppraleid by alchier rhe abianrs 
of voter of by low prsisura. Th* fotslla era 
cbaractailwd byi 1) an *ngl* if about AJ’ to 
Oi, 2) vary little gouge, end J) several per- 
cent F* runout a train before fmlLuro. Terpere- 
ture dependent friction 1* baileved to allow 
Etlctloaal olid lug acd faulting ee err mas 
below tho a* pT*d iccod by tb* Comloob fallur* 
crittrlca, Jut above tho** of hydrolytically 
veetaaid cDtUl pLaatic flow. High coafLniOR 
praaiur*. Jew fr Let inn ood reduced tancLle 
■ traa* co neon tree Lone say allow cha fault to 
propagate ■ ah*" rather than a tmnaLlt 
crack. ( fault* , water, high preemice). 

Gaopby*. l*a. L*tt., Paper BOLLAPO 
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c5\GU Ties®. Scarves 



TIm come In a navy blue or 
maroon with gold AGU logos. 
100* polyester- 3 1/8' wide. 
Quality material, workmanship, 
and styling. Wear on AGU tic with 
pride- 


And for the women, scarves are 
navy blue on white, 13’ X B4'. 
Wear them over a sweater, under 
a collar, lo garnish a suit, under a 
coat, around a waist, or to drama- 
tize n hairstyle. But always to 
remember AGU. 
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Please send me thd Items l hdvc cheeked 
below. 


Cord Number:. 


AGU Tie 


Expiration Date. 
SHIP TO; ‘ 


.Slgnalu re. 


Navy Blue 


a « 88 . 0 Q. 


Address 


AOU Scarf 
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ACU. 2000 Florida Avenue. N.W. 
Washington. D.C. 20009, 
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Planetology 


tVJ Ittsifr'ri cr Pl«i*u 

m diiinica if ror .wm 

l. TPE C»UT SED Spnf 

[' K - r } ,,,r tV*3J'u.-Id«rd Ipi:« Ctntir, 

? aW711 1 *"•«■>. J- nmim. 

P. Cla-k, ». rrf-.rh ir.j ?. £t«rij:h 
.. 1 *' 1 INfflll wto-li. froa 

” ,,|r 1,13 a,u »■»«■ «*■ Gr«« »«J Sf*« irj m 

V""*; ,rl LH* MaM{tora Q..r Ik. 

riimro ta id •ulw.apal ari .n LjHr sir.io- 
•pk*r« -Mci la ralattaai], mbs. Th* cm 
trcp][.iii laplfn a £«cra*ia in akUsvalonta 
v art leicy -Un Might 533 .» «4«£ u, 

icvar I'.Fatsa^ira. lets absaraatlMs at Ita 

tha CIS Its.lr, but 

•tin rnw pourMaiM niulia, ika turner of 
tr.a trcpopiuit a ri 5. a taa;araturaa can t« 
ecniL.tfstly ir.tarcratH as rtiulllri froo a 
a Ire ul align which run vlthln tka si] an] 

«LfJlO»r«r|a tm^raturaa tl no t » 
itraljnt forward. & frauoua suggfilicn that trar 
• “■•fMMM" of tea linear .trliaai 
K?J*E* ,0n ° f •»«»» loccnstst.nl 

»Wt»T lo tha atrato- 
e<,r *"• c>3 < ^a 

(■plloatlena or tha jraaant ra Julia for uvtoua 
thacratieal abfala ef Ik a CM ara mm into, mi 
I* ,? ’ 11 Tat ant Mat ralta m tfrivaa 

!^' J " *■ t/naaieal laillnga mm on 

* aslikaaatrle, frtotlonaUr control!*.] sertas 

fJlSfll 1 .*!* 1, ,,tt w nonltr.aritiis 

lnh*r«nt In tr« (Hutirtiuten of aull.acala 

l ”* l,r * , -M»Ia 4jiiH]ai or tna 
???_"•. t * ,s V- " "“‘■'S 1 frc« teoaa or a 
tr u steal flf.'lonw. utiles art aarke-lly ajnluaar. 

J. eanft.a. l«a . , Grain, r*g« c 

ft 10 At*»«hi»raa oT Pluaia 

Twwui. CTP*.*ma* ajtd ctiurl's rr th* jcyui 

MWfp,aji ii. vifiiix fing mtvHB 

JraaaWH, Jft Jam) 7. *. flaasr. J. FirnclU. 
p. attract ul 1. If wit ‘ 

UwiMIjMia «f tha ttonul atroMura ahoin 

1* tha Jo. I an Zkn, 
*•»«■* «• «r Yoyafar M|3 Jsta. aara.l. .trv«! 

Ilalltrlilaa lanrf i h/.nj rum cl fiatima unlrh 
o^allamhlr IB vl.vAt Tha 

llta aajnr aftlta orsla, ua Craat hi fr^t. uj t 
KM. wa co|< ral.lt. a Co tha |»*li„, a’^uM. 
l JJ “rroa tWHihira and tr.fiftwi 
JVl! r,,JU * r * f^alatut «llh wr- 
uailloa «u iinrgMca la uit t«rl of Uia itwa- 
(Mra. I# emitraat a Ik* .pot* maS a "bara^T 
ublTb art AwnllaaO cfclsan racturaa, ara tvita 
to ha «ar» niniirt to tuir aurrouldlin. 

lutaJdaaea *lih itcsgaafloi cmmiui, 

fraluraa luaicu., « a, e „ cr u. 

-IU bam* i, ^ tr«M>tara 

hjllcal rr loci Lira 

ti™"? * £“ taaff*„tu« per lurk a. 

} 11 “ “»T*r Halt of -rartlrnl kIiIbc 

in.-*esuMa cf i 80 yaara. fnurv- 
•*os* It* a«n 

S , *H* miUiratit tailaiict, 


Mm A too ipkax.a of plane. 

lovojYHrn* ciwoft ststdb is the mys.de vnius 

l.G. luhaann Un.tliuta of Gacphy.lc. ard PUna- 
cary Phyalca, I’nlv.r.lty of California, loa 
Aei.Ua. CA 90034 P5AI l.c. Ilphlc and l.D. 

trace 

The octMleeil shsarvation *1 large acala horl- 
isoial cognatlc M.lda «Uh In tha day aid. lono- 
aphara of Vrnut |> v iha riu.gat. nagnatosatar on 
th* Plonear Var.ua Orblcar migrate tha praaaac* 
oi large tula currant ayatcas. Ualng tha su- 
aurtd altitude frofll.a of tfc. oagnatlc field and 
„ ■*J clron *»alty and tatfaratuca, togaihat 
with tha ptavleuily raportad neutral ataoaphara 
density and rnpuiltUn. It la found that the 
local ionosphere can be described at chase tla.ua 
by a slnpla noisl which treat, the unabaarvtd 
euctrtc / laid at a paruatat. Vhan tha xud«l 
la approptUia, tha altltuJa pra(lla« of eha ion 
ted alftcttun va^oclttaa and tfca currant* aLraa 
tka aatcllUa trajectory can be infarrad. ih„. 

! S!\* U * U,I “ th * co,l flguratloa* and aourcaa 
oi tha lonoapherlc currant aystaaa which produce 
tfe obaarved lat(. acala aainatle flalda, and In 
particular llluattate tka effect of lon-oautral 
coupling in tha dttaralnatlon of tha currant 
aiattM at lav altitudes. 

J- Cau p by a . Fee., blue, Yap.r A0U42S 

<110 AlBoapharai of planata 

moC,TY STHPCTO8E OP A lOUC- 
LIVID CYCLONIC SPOT 

D ; *• hmimii, a. bmuimd 

ICallfornla lostltuca of rachnology, DUUloa of 

ciz&u nmr tnr r "‘ a,M ’ 

Dark brown cyclonic apota ("heigea") at 14° 

M vara atudul ucln* Voyager 1 and 2 laagas of 
^ HotI ' 'Muancaa vara aada to study tha 
•pots orbavlor orar lntaruals of SO days and 
. l Th »*» WlM ravaalad that the length 
ml width wary by i9l with . p.riod or about IS 
dAja, will iha ana renal at apprftklaacaly can- 
aunt. lh. hotlioatal velocity field vai Invaj- 
tt|itsJ Jut m Inutval of about on. a,-, now 
a round tha largaat berg, (failure 6) occur* as 
• ring curraat. Tha wore lei ty lefarrad la about 
two acd one .hall tinea that of tbs sab I sat 
cyclonic luul circulation, and about ona-htlf 
th# value of tha local planetary vort icily. 

Uuglh and Vldlh variations appear to fas siioela- 
borlaontal dlvarganca field. 

If tha aaelllatlOM ara 4 natural wdt of tha 
«M^e UM »14w par lad will provide an iapor- 
“V<« - J« r M»Uog BOdala of atahlo oloaed 
vortlcas. (Hovla, oaelllailMa, vortlclty, 
dlvcraianaj. . ' 

*• Ciaaa, Piper Nell)) 

SS-'Smo,™. 11 ™ m,ST *' ««"*• «"■ 

Jtaal I Cola* (JW.I1 end DavaAopMqt 

[•'h. 1.0. tea 900, Dallas. IX HZZli Antauv 
Balat, ..d M. nil IoUbT * taWB Hl 

tbTTJ? S aeMn ° l Procellatoa fro* 

J * u - To at, ad 
^. hW " **** 4l “ *«■ *«tu,al 
iwaer laltale avdnti to March for aacesidary 
aalaalc vara Arrival, | D cb» fsni of >ag-l,t 

aarar 

**** *” ,U * 4 *• •** *« tnbaac* tha tact l- • 


linear particle notion axpactcd for rha onaat of 
thaaa body vava arrival* i Q the icatisrad coda of 
lunar atlasogtaua. Iha raauHa ot rbte work 
taotat Ivaly indicate that the highland alto at 
atatloo 16 hao a 7S La thick cruet with an laler- 
nadiata 20 Ira Interlace, compared to tha bO ta> 
crust aad 20 loa Interface In Ocoasu. Procallarua, 
a oar* region, sine* tha 20 ha upper crust appaars 
to aalat at both highland and oar a sltaa. It 
probably doaa not represent a sere basalt layer 
but richer a noro general feature or the crual. 
Ccuetel thickness aay partially control elevation 
by Isoataay. 

Georliya, gee. Latt.. Paper aDLlJgJ 


Seismology 


4970 Itroctura of the crust and upper untie 
CONST RA1HTS ON THE g*ISMIC WAVE VEUCITV STSUCTUW 
BENEATH THE TIBETAN PLATEAU AMO TULIP TE<TTOMIC 
IMPLICATIONS 

W.p. Chen (Haaaachuaatta inatituta of Taohnology, 
77 Kaaeuhuastta Arsons , coabridga, ha 02139) 

Wa ctablna Obaervatlons of group phase valo- 
oity dlsparalon of Aaylalgh wavoa, or tha vava 
fot» of a long parlod P phaa*. of p sod a valo- 
oltlaa froa unravataad fcfraotlon prEfll.a Qaing 
aarthguakaa, and of ttlaaalsmlo i-p uawsl rtu 
vaalduala to place bounds on tha lalala vava val- 
ooity attuctura of tha cruat and upper aantla un- 
dar Tibet. From autfec* vava maaeurenanta alone, 
tha Tibetan a rue tel thickness can b* from SS lea bo 
81 *■* cartaapondlag uppartsmt nsntlo shsar 
vava yalooltlaa of about 4.4 kn/a to 4,9 tan/s, ra- 
■paetlvaly. Tha P and a valooltiaa vara datar- 
»ln«d to bs 8.1210.# ka/9 and 4.810.1 kVa xaipao- 
tlvely using travel tin* data at Lhasa (roe oaxth- 
quahaa In aad on the aarglns of Tlbat. Cooblnlng 
rs suits, tha cruatal thickness la boat likely to 
“•^•kyaan 69-80 to with an average ah ear wave val- 
ooity in Uts upper emit laaa than 1.5 to/a. A 
2«?* u . #r on * P L «**• for* doaa not provide an 
aodltunal canatraZnt oq th* valoolty structure 
but la ooapa tibia with tha range of aodala given 
Ia wntraat to obaarvatlona obtained for 
eight aarthguakaa In th. Himalaya, Maanremanta of 
Both tslai.iaeiio a and P vava arrival tlMa for 

AAtYhyiaXoa within Tibet ahow unusually larga 
intaeval, botvaan P and a cooiparad with tha jaf- 

rreya-BuUaa Tahl °"- 1*“» the p mi ualooltlaa 
•pparancly do not ntlact high Pelooltha in th* 
■Antla to a great depth beneath TThat, Froa tha 
dapandaaoa oi tha aslaalo valooltiaa of ollvlna 
on praaaura and teoporatun and froa tha alalLarlty 
fn valooltiaa hantath Tibet 

ahiolde and plat fora. , tha taoporatura 
5cn^! R 5“?? banaath Tlbat ia compatible with being 
h ‘« h * r bAMAth the plat forma, i.a. 

*, C ** i h * *«BS»ratura banaath tha platforms la 
eloaa to 900'C. Booh a tapsrature could reach or 
■anaad tha aolldu* of tha lower cruet . 8 lapis ona- 
.'"•J “naoAtlop calculation, suggest 
“a taotonlo and vsleulo nativity ooolfl bo 
uplatnad by tha rsoovary of tha gsotlnm main- • 

* mantle hast flu* of. about 0.9 Kpu at . ' 
¥■ *■“ *5 “■ °™ at - Tt diatxlfagtlon of ra- 
h ** t prw ** oUDa Alownta war* not coo- 
aantratad at tha top of. tha crust, imdioaoUva 
Bant ing could also contribute algni fluently to Uta 
r*oov*ty of tha gaothan and thus lowr tha ra- 
V»ndpmat48 heat flcy. Thu. tha idea of a thioh- 
*y f!?? t -V* to borlaontal ahortanlng 14 

toU> wlth a «tm ««d with th*** o«l- 


EOS, vol. 62, no. 2, January 1981 9 


Circulation in the 
Coastal Ocean, Part 1 

G. T. Csanady 

Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 

Introduction 

Although the typical depth oi oceanic basins is 5 km, a 
significant fraction of the earth’s surface Is covered by a 
much shallower sheet of water (only about 1 00 m in depth). 

In addition to many small lakes and lagoons, this Includes 
extensive areas, with horizontal dimensions of 100 km and 
mors, such as the Great Lakes, continental shelves, or large 
gulfs such as the Gulf of Maine or the North Sea. These rela- 
tively large bodies of water behave dynamically In an 'ocean- 
ic' manner, In the sense that motions In them are strongly 
affected by the earth’s rotation. They will be taken to consti- 
tute the 'coastal ocean,' a term that covers enclosed and 
semlenclosed basins, as well as open seas such as the 
broad and flat continental shelves of the ‘Atlantic’ type or the 
narrow and steep shelves of the 'Pacific' type. 

The dominant observable motions In the coastal ocean are 
rotary currents, which are associated with tides over conti- 
nental shelves and with Inertial oscillations in stratified, en- 
closed seas. Such motions, In what one might call a pure 
form, are characterized by the rotation of the current vector 
through 360° In a period not very different from the earth's 
rotation rate, and they Illustrate the dynamical importance of 
rotation. Water particle motions during a full tidal or inertial 
cycle are along a closed ellipse df a typically longer axis 
length oi a few kilometers, there being no net displacement in 
an Idealized pure tidal or inertial oscillation. Of course, in 
reality there Is always some residual motion, which adds up 
cycle after cycle and produces fluid particle displacements 
over the longer term that are much larger than the diameter 
of the tidal or inertial ellipse. Figure 1 illustrates oscillatory 
and residual motion by means of a prograssive vector dia- 
gram of velocities observed at a fixed point in the Great 
Lakes. Although this Is not the same as the path oi a given 
particle oi water that passes through the instrument, over a 
few oscillating cycles (he correspondence is close enough for 
illustrative purposes. 

The problem of 'circulation' Is to describe and understand 
the pattern of the residual or longer-term water particle dis- 
placements. The distribution of important water properties, 
e.g., temperature, salinity, and the concentration oi heavy 
metals or nutrients, and the transport of these properties, or 
of file-forms Incapable of locomotion, depends critically on 

This paper Is the first of three parts. Parts 2 and 3 will be pub- 
fished In subsequent Ibsubs ol Eos. 
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Fig. 1 . Progressive vector diagram ol 2-hour average currents ob- 
served at a fixed mooring In deep water in Lake Michigan. Motion 
consists of nearly circular Inertial oscillation and northeastward resid- 
ual drill. (From Verber 1 1 986].) 


(he pattern of circulation, but not very much on the oscillatory 
water motions, at least nol in a direct way (indirect effects 
include, for example, the turbulence and mixing produced by 
tidal currents). 

The study of circulation and mixing processes in the coast- 
al ocean has received considerable impetus from the recent 
awareness of pollution problems which have been growing 
since the early 1960’s. In some areas ol the coastal ocean, 
major experimental studies were undertaken which led to an 
impressive accumulation of observed facts and in some cas- 
es to a comparable Increase In understanding. What we 
learned about the coastal ocean during the last 20 years cer- 
tainly dwarfs previous knowledge and understanding. 

It is not apparent that this greatly increased body ol knowl- 
edge has so far had any significant effect on public debates 
of pollution problems and remedies. Perhaps those of us who 
have been involved in the great expansion of coastal ocean 
research should make greater efforts to make our voices 
heard. The present review Is one attempt In this direction. 
Because our work on coastal circulation was clearly made 
possible by society's environmental concerns, it is appropri- 
ate to start with a discussion of this context. 

The Coastal Ocean and Contemporary 
Civilisation 

Men have used the coastal ocean as a highway of com- 
merce for mlllenla. The Mediterranean civilizations of the 
Greco-Roman world or of the Middle Ages would have been 
impossible without busy coastal traffic. Undoubtedly, some 
knowledge of coastal ocean behavior was required for safe 
commercial navigation. It Is probably fair to aay that the pros- 
perity of many city-states on the shores of Ihe Mediterranean, 
and later of the Baltic and the North seas, was built on Ihe 
seafaring competence of the captains who commanded their 
merchant navies. Similarly, naval supremacy was critically 
dependent on an understanding of the sea, especially the 
coastal ocean. A good case can be made that the triumph of 
the British and Dutch naval forces over the Armada of Ihe 
Duke of Medina Sldonla was not only due to superior tech- 
nology but also to better acquaintance with the treacherous 
stretch of coastal ocean separating the British Isles from Eu- 
rope. 

At the present time, vessels of the limited size and endur- 
ance available to ancient mariners are still in plentiful use, 
although mostly for recreallon. The ’search and rescue’ mis- 
sion of the Coast Guard protects this armada of small ves- 
sels, In support of which predictive models have been devel- 
oped for the drift of disabled vessels. One of Ihe key prob- 
lems in such models Is to predict surface currents In the 
coastal ocean accurately enough to minimize time spent In 
•search' In order to proceed speedily with ’rescue.' 

Another use of the sea, the roots of which are lost in antiq- 
uity, Is fishing, an Industry that has traditionally sustained 
populations gjUstand nattpns such as Iceland or Japan. 
Today, It tow^i^tofciwrt'tbat the coastal ocean Is the main 
source /seafood JfTIhne (froduclng regions being, for ex- 
ampie/h® Grao^eahKs of Newfoundland or regions Of 
•coasjal upwarffng,' sucha? thd coastal ocean off Peru. ; 
Fighlfoe^s^e ofta toserved to congregate near the 
outefc^roajW the continental shelf, usually taken to be 
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'coasjal upwefirng. §uon a§ me coaatai ocean on rei u. ; 
Flshlfoewala# «' etf» to$erv*i i0 congregate near the 
oute£^roa^.thb cdrjtlnenlal shelf, usually taken to be 
the 1 Kr^pWisq^th. Why should fishing be so good 
at the Vg&Ltfis Sprtfnenta^heif? The answer no doubt . ’ ; 
dependSon^rculation and mlxlng In this regtort. , which cpn- . 
trols the sotoly Of.nuWenjs to low-level life-forms. The eco* 
nomlc impora^ t(^a^pf^hB Grand Banks 

needs no further elaboration., \ ,i: 3 

\ in contemporary clvWzaUprt, the lssy0 of conflicting uses of 
the Sda has Arisen wltfi qpme force, Onaof the contentious 1 
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‘nonwastes, 1 i.e., compounds naturally present in the envi- 
ronment in some concentration. When discussing the dis- 
posal of such wastes, it Is natural to speak oi the ’assimilative 
capacity’ of the ocean and to exploit it when ocean disposal Is 
mors economical than other methods. Two potential prob- 
lems are immediately apparent; one, wastes may have unde- 
sirable effects before assimilation, e.g. while their concentra- 
tion Is much above normal background concentration; two, 
some wastes ara man-made and may not decompose into 
naturally present substances for very long periods, if ever. 
Examples of such substances that are alien to the natural 
environment are plutonium or PCB's, which turn out to be 
toxic to various life forms. On account of (he toxicity of these 
materials, their dumping into the ocean clearly conflicts with 
the traditional use of the sea as a source of food. 

Today, there Is a bewildering variety of waste disposal or, 
at any rate, ‘rejection’ operations that have some anil- 
aesthetic or polluting influence on the coastal ocean. The 
concentrated residue of New York City's sewage (sewage 
sludge) has been barged to an offshore site for Ihe past 50 
years or so. This site is relatively close to the New Jersey and 
Long Island coastlines, where the water is only about 30 m 
deep. In spite ol the huge volumes of sludge dumped at this 
shallow site over the years, adverse effects could only be 
documented in the Immediate neighborhood of this dump 
site. Even here, they were surprisingly mild. Clearly, the ‘as- 
similative capacity' for sludge ol this part ol the coastal ocean 
is impressive. Most municipal sewage, however, enters the 
ocean closer lo shore, at the end of outfall pipes, and the 
local effects are not always entirely acceptable. Some Indus- 
trial wastes that are otherwise difficult to dispose of are 
dumped at deepwater sites (108 miles from New York and off 
Puerto Rico, for example) (hat are still quite close to the 
coastal ocean. Electric power generation involves the rejec- 
tion of large quantities of heat, released in many places into 
the coastal ocean. The search for and extraction of petro- 
leum over the continental shelf Iead9 to the reloase of drilling 
muds and to some oil spills, allhough the latter are dwarfed 
by spills from large tankers. 

Conflict in the use of the sea— and of Ihe atmosphere, lith- 
osphere, and other parts of the hydrosphere — has brought 
us the regulatory agency: in ihe United Slates, the Environ- 
mental Protection Agency, the Nuclear Regulatory Commis- 
sion, and other bodies with similar powors. The task of these 
agencies is to resolve Ihe conflict over uses to what one 
would hope is the greatest good lor Ihe greatest number ol 
people. Not even the best friends of these agencies would 
claim that their decisions have in fact always been this wise 
One important cause of counterproductive regulation is igno- 
rance: when the consequences of a given waste disposal op- 
eration are uncertain, there is a tendency to disallow such an 
operation, even when the available alternative waste dis- 
posal strategies have fairly serious adverse consequences 
A case in point Is ihe near-prohibition of warm-waler dis- 
charge into the coastal ocean in such cold regions as ihe 
Great Lakes or the Gulf of Maine. Several power companies 
have been forced by such rules into the construction of huge 
cooling-tower clusters. These are unsightly, (heir high cost 
contributes to the rising price of electricity, and most impor- 
tantly. they cause local climate modification of a most unde- 
sirable kind, Increased incidence of fog, clouds, icing of 
roads, which with statistical certainly kill so many extra mo- 
torists each year, it is difficult to imagine a scenario under 
which the simplest straight-through discharge of cooling wa- 
ter directly into the coastal ocean, even without any attempt 
to mitigate ihe effects of the heated water, would have com- 
parable consequences. 

The greatest public attention has been focused on nuclear 
power, opposition to which has taken on religious overtones. 
Given the emotionalism surrounding this Issue and our sen- 
sation-seeking media, this Is one case where one sympathiz- 
es with the regulators in their attempts lo base their decisions 
on reason. One alternative to a speedy development of nu- 
clear power, Including a system of breeder reactors, Is con- 
tinued reliance on oil Imports Irom countries that are political- 
ly unstable. Other alternatives are no more desirable. As far 
as the coastal ocean is concerned, adverse effects of nuclear 
power are due to waste heal rejection, which takes place at a 
slightly higher rate than In fossil -fuel -fired plants; to the con- 
tinued release of radionuclides at a low rate; and to the risk of 
catastrophic failure, which would be accompanied by a much 
greater dose of radioactive release into the coastal ocean. 
The extern to which these corollaries of nuclear power gener- 
ation affect marine life depends on circulation and mixing In 
the ocean, especially In the coastal ocean where all releases 
are concentrated. In the case of the proposed offshore nucle- 
ar power plants, the mainland would be protected by a 4.5- 
km-wlde moat, In which tha transport and diffusion ol sus- 
pended and dissolved materials would be of special Interest. 

Rational regulatory decisions that concern conflicting uses 
of ihe coastal ocean should be based on quantitative models 
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lhal predict some agreed measure of nuisance or hazard as- 
sociated with a given waste disposal or similar operation. The 
development of such models is a task of engineering sci- 
ence, which Is outside the scope of the present article. These 
models, however, require quantitative inputs from various 
sciences, including the physical oceanography of the coastal 
ocean. In particular, a solid body of knowledge of circulation 
and mixing processes which is widely accepted by the scien- 
tific community Is required. Otherwise, extravagant claims 
cannot bo easily refuted, and reason becomes oversha- 
dowed by doomsday philosophy. On a rational level, the 
knowledge of coastal ocean physics is a prerequisite for a 
comparison of the consequences of oceanic disposal with 
the consequences of ellernalive disposal strategies. 

Wind-Driven Transient Currents 

The prime driving force of circulalion in the coastal ocean 
is the wind. This is not always obvious in Udal waters, but 
people living along the shores of the Great Lakes, lor ex- 
ample, where tides are practically nonexistent, are well 
aware that wind action on coastal waters rapidly generates 
flow predominantly parallel to the coast. The coast prevents 
perpondfcular movement, but longshore motion Is unhin- 
dered and the longshore component ol the wind Is particular- 
ly effective in generating longshore currents and correspond- 
ingly long pariiclo displacements. 

One of the fruits of recent field studios and associated the- 
oretical work has been on understanding ol the structure and 
dynamics of such wind-drJvan nearshore currents. Earlier 
ideas came mainly from pioneering theoretical studies, such 
as those of Ekman [ 1 905], which wore based on various ide- 
alizations and usually applied only to steady state frictional 
equilibrium flow. However, winds at mld-laliludes are vari- 
able, rarely remaining constant for more than a day. Undor 
Iheso circumstances the Iransiont properties of coastal cur- 
rents aro ofton ot greater practical Importance thnn (heir 
asymptotic steady slato lor constant wind. Those transient 
properties dopond more on Inertial forces than on frictional 
ones, a fact which makes ttto Ekman-typo models of limited 
uso. 

Inertial effects may bo simply understood with aid of simple 
models in which bottom friction is supposed absent and a 
longshore wind stress is suddenly imposed at the surface. 

Any persistent longshore motion that arises must somehow 
adjust to geoslrophte equilibrium, i o.. llio Coriolis force asso- 
ciated wittt longshore motion must eventually bo balanced by 
an appropriate prossura fiaid. Rossby 1 1938| first discussed 
such problems of 'geostrophle adjustment.’ and Charnoy 
1 1 955] extended Rossby's work to coastal current generation 
In a two-layer ocean of constant depth. In Charney ’s quasl- 
geostrophic model, the accelerating longshore current is pos- 
tulated to adjust continually lo geoslrophic equilibrium. Jn 
reality, this may be expected lo be true for periods of order f -« 
and longer (f --= Coriolis parameter). More comptate calcu- 
lations for simple closed basin or coastal zone models con- 
firm that the response ol a modest size sea (/ constant) to 
suddon wind stress can be regarded ns a superposition ol a 
quasigeostrophtc (developing) coastal current and various 
long waves. 

The dynamical principles involved in quasigeostrophic 
longshore current generation that are elucidated by these 
theoretical studies are illustrated in Figures 2 and 3. The sur- 
face level perturbation and the longshore velocity increase 
hand-in-hand, maintaining geoslrophic balance. In the long- 
shore direction, the wind-stress impulse equals the depth- 
integrated momentum of the water corumn, as long as bottom 
friction is negligible. 

The simple momentum balance in the longshore direction 
between the applied force and the increase of momentum in 
the water column can hold in the coastal zone because the 
depth-integrated Coriolis force associated with cross-shore 
flow vanishes. This is a direct consequence of the coastal 
constraint,' I.e., the condition that no waler is transported in a 
direction perpendicular to the coast. The coastal constraint 
applies strictly at the coast, and to a high degree ol approxi- 
mation within some distance from the coast. The length of 
that distance is an important quantitative datum of each 
coastal ocean, characterizing its dynamical response and de- 
pending to a large extent on (he depth distribution as a func- 
lion ol distance from shore. Generally, the coastal constraint 
holds a longer distance from shore over a flat shell than over 
a sleep shell, but a number of other factors enter this ques- 
tion In any event, the coastal constraint is often found to ap- 
ply In waler of order 1 00 m in depth . 

In such relatively- deep water, the forced Ihe wind directly 
affects only a thin layer at the surface, the rest of the waler 
cotumn responds indirectly, through pressure forces gener- 
ated by Ihe displacement of water masses. Within the sur- 
face shear layer subject lo direct wind action, turbulence gov- 
erns Ihe distribution ol wind-imparted momentum, while the 
Coriolis forco acts as an Important modifier of the How. A tur- 
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bulent Ekman layer’ develops, the depth of which depends 
only on wind stress and Coriolis parameter. At mid-latitudes, 
the typical Ekman layer depth is of the order of 1 0 m. 

Within the Ekman layer, a longshore wind stress causes 
transport to the right of the wind.' To satisfy the coastal con- 
straint. a compensating return transport occurs, evenly dis- 
tributed over the water column. Where Ihe longshore pres- 
sure gradient vanishes, this return flow gives rise lo an unbal- 
anced Coriolis force, which accelerates the water 
alongshore. Similar cross-stream displacements are de- 
duced in other geoslrophic adjustment problems, and the 
phenomenon will be referred lo as ’adjustment drift.’ 

Sea level gradients are generally not negligible in the long- 
shore balance of forces. For example, in a closed basin, wind 
setup' is a well-known effect. When the wind blows along the 
longer axis of a long and narrow basin, such as Lake Erie or 
Lake Ontario, the level at the downwind end of the basin rises 
appreciably. In typical cases in Lake Erie, the level rise is of 
Ihe order of a meter, a sufficient amount to affect Ihe output of 
Ihe hydroelectric power plant on Ihe Niagara River. 

In a basin of variable depth, ’setup' balances the wind only 
at the locus of ihe cross-sectional average depth. Shoreward 
from this locus, in shallower water, wind stress dominates 
and accelerates the coastal water mass downwind, in water 
much shallower than the average depth, the pressure gradi- 
ent force associated with setup is negligible compared to the 
wind force, and the previous remarks on flow without long- 
shore gradient apply. In deep water, the pressure gradient 
dominates and causes return How. 

In a cross-shore transect, given a pressure gradient that 
opposes the wind stress, interior velocities of Ihe developing 
quasi-geoslrophlc How are similar to those shown in Figure 2 
However, the cross-shore motion below the Ekman layer 
which compensates for the Ekman drift, is now partly 
geoslrophic flow associated with Ihe longshore pressure gra- 
dient. where the depth is equal to the section average depth, 
geoslrophic cross-shore flow exactly compensates for Ek- 
man drill, in much shallower water, the compensation (in the 
transient case) is mostly through adjustment drift. Longshore 
acceleration is only produced by the adjustment drill com- 
ponent. 

The above theoretical framework of quasigeostrophic cur- 
rent generation has been amply confirmed by observations 
carried out in Lake Ontario during ihe International Field Year 
on Ihe Great Lakes (IFYGL, carried out 1972-1973). At 5- 1 0 
km from shore, transient currents were found to have peak 
transports of a magnitude dose lo that expected from the 
wind stress Impulse. The corresponding coastal-lake-level 

drth Zll Althou 0 h lhe cross-shore adjustment 

drill was not evident In current meter records (which were 

domtaa ted by stronger signals), they could be Inferred from 
tho displacement ol constant property surfaces. 

Quasigeostrophic longshore currents were also found to 
f ° r a ra'her dramatic difference In current df- 

ftrrioK LakflS be,W00n coastal zone (of 

order IQ-km width) and further offshore. Nearshore, water 
motions are mostly straight-line and shore parallel, further 
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al zone show long plumes hugging the coast in one direction 
or another (Figure 4). Tracer released more than IQ-km off- 
shore moves In a much more erratic manner, i.e., in essen- 
tially all directions of the wind rose. 

Lagrangian tracer studies also show the more or less com- 
plete disappearance of a tracer plume on the reversal of the 
coastal current caused by an opposing wind impulse. The 
adjustment drift is thus seen to perform the very important 
practical task of renewing the coastal water mass. For a 
strong enough wind impulse, the renewal Is more or less 
complete. 

Similar quasigeostrophic transient currents have also been 
well documented over continental shelves of the Pacific type. 
The continental shelf off Oregon has been the subject of in- 
tensive observational studies now for almost two decades. 
Much of this work has been oriented toward the understand- 
ing of the seasonal upwelling cycle and Its biological Implica- 
tions, but a considerable amount of evidence was also accu- 
mulated on the dynamics of wind-driven transient currents. 
Longshore wind impulses were found to be associated with 
longshore current fluctuations that were distributed more or 
less evenly over the water column (below the surface layer). 
The coastal sea level rose and fell in step with such fluctua- 
tions. The presence of an adjustment drift could be inferred 
from the movement of the constant property surfaces. 

Upwelling, Down welling, and Coastal Jets 

The distribution of water properties, salinity, temperature, . 
nitrate and phosphate concentration, etc., Is particularly sen- ? 
sitive to the circulation in a cross-shore transect because ths ? 
streamlines of such circulation often cross sharp gradients, t 
The gradients arise on account of the stratification of the wa- S 
ter column that characterizes the coastal ocean in the sum- f 
mer season. A warm (and fresh, over continental shelves) I 
layer of some 2Q-30 m overlies colder and denser water, and 
the region separating the two layers (the seasonal pycno- 
ciine) is relatively thin, so that it may often be thought of as an 
interface between two fluids of slightly different density. 

in a stratified water column In static equilibrium, surfaces of 
constant temperature and salinity are horizontal. Crosa- 
shore particle displacements associated with transient winds 
distort these surfaces in a characteristic way, depending on 
whether the cross-shore circulation is ’upwelling’ or ’down- 
welling.’ These terms refer to the upward motion of bottom 
water or the downward motion of surface water, respectively. . 
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Upwelling may cause those surfaces of constant temperature 
and salinity, which In static equilibrium form e pycnodlne or 
relatively sharp density interface, to intersect the free sur- 
face. Conversely, downwelllng may lead to the same sur- 
faces Intersecting the bottom at a depth several times their 
equilibrium depth. 

As surfaces of constant density depart from their horizontal 
equilibrium position, horizontal pressure gradients arise in 
the fluid and affect the adjustment process to geostrophle 
balance and any resulting steady state of motion. A simple 
and realistic theoretical model consists of two layers of con- 
stant density separated by a frictionless Interface. Charney ' s 
[1955] analysis dealt with this model and resulted in a quasi- 
geostrophic solution for an Infinite straight coast, constant 
depth, and suddenly Imposed longshore wind on the as- 
sumption that the vertical excursion of the pycnodlne is small 
('linearized’ theory). The principal difference between this 
and the homogeneous fluid case is that within a nearshore 
band only the top layer fluid responds to ths wind by long- 
shore acceleration, the bottom layer remaining quiescent. 
Consequently, higher longshore velocities arise in the top 
layer. At the same time the Interface begins to rise or sink 
(depending on the direction of the wind) in such a way as to 
compensate for the surface level rise and to hold bottom 
pressure (nearly) constant. The strong surface layer current 
Is then In geostrophle equilibrium with the horizontal pressure 
gradient associated with the Inclination of the density Inter- 
face and Is legitimately called a coastal Jet (in analogy with 
the atmospheric jet stream, which has a similar dynamical 
structure). The characteristics of a rising coastal jet are illus- 
trated here in Figure 5. 

As ths coastal jet develops, the interface rises or sinks In a 
nearshore band of a width comparable to the Internal radius 
of deformation,’ which In typical coastal oceanic cases is 5- 
10 km. Far outside this band, the bottom layer moves bodily 
shoreward or seaward, white the top layer has to accommo- 
date the Ekman drift in the opposite direction. Consideration 
of interior velocities then reveals a pattern exactly as If there 
were no density gradients, which was illustrated for a sloping 
beach model In Figure 2. Very close to the coast, however, 
there Is little motion In the bottom layer, in ihe top layer, In the 
usual case when top-layer depth te about equal to Ekman- 
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6. Fully upwelled pycnodlne following a strong enough wind 
jrpuiae. Light fluid has moved bodily offshore, and the boundary be- 
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Fig. 8. Distribution of longshore velocity (cm s“', left) and temperature <°C. right) at two cross sections ol the coastal region of Lake 
Ontario, also from IFYGL. Hie difference between this case and the previously illustrated one Is that ihe velocities aro hare directed so as 
to have the coast to the right (I.e., point out of the picture), whereas in Figure 7 they point Ihe other way. Into the picture. Geos trophic 
balance of the coastal Jet requires upwelling In the previous case, downwelllng In this case. (Adapted from Csanadyond Scott ( 1974|.) 


layer depth, cross-shore motions are negligible, and the force 
of the wind is evenly distributed over the top layer and causes 
uniform longshore acceleration. Where the lop-layer depth Is 
considerably greater than the Ekman-layer depth, adjust- 
ment drift occurs below Ihe Ekman layer, but in the top layer 
only. 

The most impressive results of upwelling and downwelllng 
are the surfacing of isopycnals some distance trom shore, or 
their sinking to a depth several times their equilibrium depth. 
The simple classical model, which postulates small vertical 
pycnodlne excursions, does not apply to such cases. A 
strong longshore wind Impulse is usually the cause ot 'full' 
upwelling or downwelllng events, with the large pycnodlne 
displacements developing quite rapidly, often within hours or 
at most a day. It Is reasonable to idealize these events by 
supposing that the wind impulse is evenly distributed over the 
top layer by vigorous turbulence. One may ask then how the 
two-layer fluid adjusts to geostrophle equilibrium following 
such an impulse, with Interface and bottom friction neglected 
and the density of each layer separately conserved. 

The extension of the classical theory on Ihe basis of thrs 
idealization Is relatively straightforward; it makes use of the 
principle of potential vortldty conservation [Csanady , 1 977]. 
Quantitatively, Ihe principal new result is that the velocity of 
the coastal jet Is limited to a value about equal to the 'densi- 
metrlc velocity 1 in the same way as maximum velocities are 
in certain 'critical flow' problems in hydraulics. The longshore 
momentum balance is completed by the Coriolis force as- 
sociated with the bodily displacement (adjustment drift) of the 
entire top layer from shore to a distance of the order of a few 
kilometers (Figure 6). 

It should be pointed out here than an offshore wind also 
causes upwelling and, If strong enough, may bring the inter- 
face to the surface. However, the flow pattern so generated Is 
not in equilibrium without Ihe wind acting, and ths Interface 
relaxes to a horizontal position on the cessation of the wind. 
Thus, In theory, the upwelling caused by a longshore wind Is 
long-lived, an upwelling that is due to an offshore wind 
ephemeral. In practice, of course, dissipative processes 
cause the inclined Interface that Is in geostrophle equilibrium 
with a coastal jet to relax toward static equilibrium, but this Is 
usually a slow process, with a typical time scale of 5 days or 
so. 

Intense upwelling events are known to occur in a number 
of coastal locations, notably In the Great Lakes and along the 
Oregon coast. Early reports described the hydrography of 
upwelling, while later systematic studies, in the course of 
large-scale cooperative experiments, provided detailed Infor- 
mation also on longshore and cross-shore currents [Smith el 
al., 1971; Smith, 1974; Mooers otaL, 1976]. In the bourse of 
these Investigations, some clearcut upwelling events have 

been documented. They were produced by a local along- . 

shore wind Impulse, and Ihe observed properties of these 

events compared well with the above simple conceptual 

picture. 

During the International Field Year on Lake Ontario, 
upwelling events Irt Lake Ontario could be observed , 
with considerable ppatial resolution. Figure 7 ahowfe a wall- 
documented evept that occurred In October 1 972. The wind 
stress impulse on this' occasion was large enough to produce 
offshore displacement of afully upweiled thermocl|ne of ; . 
some 3 km. The structure arid Intensity of the coastal Jet, qs 
well as the Isqthefm (»: constant denslty^ surface) distribution, 
was very fnuch as expected from the simple theoretical mod- 
el described above.. •, ■ 

ExariiplB3qfdownwblllnganda8^atedcoaswJatenave 

also been documented In the Great Lakes: An example )9 . 
shown In FlgUre 8, Tnis also conforms In all essential aspects 
to the flpite dlq^iaoCrhent quasigeostrophic model. : " 
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News 


The Love Canali Beyond Science? 

When in 1 978, iho New York Stato Department of Health 
ssued the report. 'Love Canal— Public Health Time Bomb.' 
he serious offsets of chemical waste contamination in iho 
Love Canal area became an issue of national concern. A few 
'studies' since Ihen have produced results In concert with 
those ol initial reports that described 'conditions of acute 
health effects' as being linked to hazardous wastes Incorpo- 
rated in landfill In the Love Canal site near Niagara Fairs, 

New York. Now that a 'brue ribbon' panel of experts from the 
medlcaf sciences has reviewed the problems of Love Canaf, 
however , a different view has emerged. The 'Report of the 
Governors’ Panel to Review Scientific Studies and the Devel- 
opment of Public Policy on Problems Resulting Irom Hazard- 
ous Wastes,' transmitted In October of this year, Identifies the 
following factors about theheallh effects at Love Canal: 

« Inadequate research designs for health effects studies, 
particularly regarding chromosome damage and Informal 
surveys of the Love Canal residents; 

• the Inevitable necessity of time required for longitudinal 
prospective studies and complex retrospective studies that 
concern tong-term exposures to hazardous wasles. 

• inadequate Intergovernmental coordination and cooper- 
ation in the design and implementation ol health effects stud- 
ies. 

Il Is apparent that in the 2 years following release of the 
original Now York Department of Health report, a most diffi- 
cult stato of affairs developed. On ono hand, there Is clear 
evldonco that contamination of iho subsurfaco, groundwater, 
and household bnsomonl areas of the Love Canal residents 
occurred (toxic chemicals, Including chlorinated hydro- 
carbons and dioxin, among many others). On the other hand, 
them wore no 'shorl-torm' health problems, according to 
most studios. The result was a state of understandable hys- 
terla of the residents of Love Canal because of the danger of 
long-term health problems such as the development of can- 
cer, birth defects, and other conditions that might bo pro- 
duced by chromosomal damage. The real problem is that, 
according to Iho recent Finding ol the governor of New York's 
panel, iho science is not woll enough developed to under- 
stand. much less to prove, a causal relationship. 

Tho alarm raised in I97B was, In part, a legal requirement 
ol slate law section 1 308 to insure adequate jurisdiction and 
resources for governmental response to the Love Canal situ- 
ation. To obtain support for a national disaster.' the Now 
York State Department of Health had to define the disaster. 
Unfortunately, the state of fear and anxiety that resulted led 
to an unfortunate test ol the scientific method. The panel re- 
port states: 

This Panel recognizes that there was a reason for the 
Stale Health Department's initial announcement ol ■Pub- 
lic Health Time Bomb,' but not a good enough reason. 

There ought to be a belter mechanism for convincing the 
Federal government that a certifiable disaster area ex- 
ists, in order to obtain Federal funds, than to arouse 
such fears of imminent peril as swept through the Love 
Canal area in this case. A better mechanism might have 
been found if effective FederaL Stale consultations had 
been launched promptly when the problem was first rec- 
ognized. It may be that the atmosphere of public near- 
nystena which was created in mid-1978 contributed to 
Ine failure on the part of public health agencies to pul 
together an appropriately orderly, deliberative and sys- 
tematic investigation of the situation. 

This Panel acknowledges that the Love Cana) prob- 
lem was something quite new. a situation not encoun- 
tered before by public health agencies. In the past, in- 
stances of environmental pollution emerged as sudden 
acute episodes, usually derived from a single industrial' 
source, with readily discernible and quantifiable health 
hazards. Love Canal, in contrast, represented the chron- 
ic contamination of a whole community's living space 
extending back over a period of decades, and most com- 
plex of all. involving not one but scores of different chem- 
icals seeping through the earth and into households all 
at once. No book oi rules exists for handling this kind of 
problem, but from now on it is obvious that rules wifi 
have to be formulated. 

The Environmental Protection Agency (EPA) released a 

P .-° b! . em thal ,h0 panel describaa as ‘a paradigm 
oladnunlstratlvo ineptitude.' Although the EPAqualilied its 

!lnh^ *2 S ? d ^ ,th ,piudence ' because of inadequacies 

of the study, Iho findings wero widely distributed, nonethe- 
less According to the panel report: 

i ™®P ubl 1 ic wm given the strong impression that the 
Love Canal pollution was endangering tho survival of all 
wntacts and their offspring. During tho noxt few weeks 
Ite Begentcs report (basisor the EPA findings) was re- 
viewed by several groups of experts In the field of cyto- 
genetics, with expressions of doubt that tho reported ro- 
,CarVC ® 7hos<s wore Particularly crill- 
S S ' ? U0S amptoyod ' ,hG fach of controls, and 

^"S ,Ualna,U, ° 0,,h8SUp0 ' nu ™ra-V 

muCh a ! atak ° *° r ,ho rosWonts Involved, to 
have set up experiments that lead to public conclusions 

Wl,houl p/ior revlfl w of tho protocol 
^ n vol ved peer scientists, and without any 
,evte * of competent sclen- 

-g taaif-tt ; 

the advice and close participation of outside consultants 


with international reputalions in the Held of cytogenetics, 
and then mapped out a thorough, careful and scien- 
tifically valid approach lo Ihe question of chromosome 
Injury. 

There Is now no question that a proper cytogenetics 
study Is urgently needed. The Panel doss not know 
whether Ihe degree of chromosomal Injury claimed in the 
BJogenlcs Laboratory study, even If confirmed, Is In itself 
a reason for alarmed predictions concerning cancer or 
congenital defects — indeed, similar chromosomal ab- 
normalities are characteristically observed in other cir- 
cumstances (measles, for example) without known se- 
quelae. However, the mere fact that the chromosomal 
damage Is real— if it Is— means that the residents of 
Love Canal are being biologically affected by something 
In their environment, and this observation— if con- 
firmed— would greatly weaken the position, taken by 
some, that the only ill effects suffered by this population 
are psychological. 

There will be, no doubt, countless studies of the Love Ca- 
nal incident In the future. The U.S. Public Health Service, the 
National Academy of Science, and the New York State De- 
partment of Health will initiate studies or maintain progress In 
studies now underway. Perhaps science will benefit by these 
studies, and, possibly the forefront of envlronmental/health 
research will be extended. Right now Ihe important questions 
about cause and effect, risk assessment, and acceptable lev- 
els remain unanswered.— PMB Si 
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The John F. Kennedy Space Center, In cooperation with 
the United Slates Postal Service, is offering a cancellation 
service to Interested philatelists for the space flight programs 
at Kennedy. 

Philatelists who wish to avail themselves of this service 
may do so by following the procedures outlined below: 

• Specify the event for which you wish this service. There 
is a limit of live covers per customer per event. 

• All covers must be self-addressed and bear at least first- 
class poslnge or proper postage for international mail, placed 
mree quarters of an inch down from the right top of the cover 
Envelopes should contain a tiller not to exceed the thickness 
of a postal or computer card to assure a clear cancellation. 

• All inquiries must be accompanied by a stamped, self- 
addressed envelope. 

• Requests for service must be received at least 5 days 
prior to an event, but no earlier than 30 days before 
Requesto shouid be sent to Chief, Mail and Distribution Serv- 
ices, SI-SRV-1M, Kennedy Space Center, FL 32899 

Services not provided are: 

■ requests for personally autographed covers, or for car- 
rying covers on board during night or preflight activities- 

•cachet service (rubber stamp) for such major events as 
the first launch of the space shuttle; 

• hand-back service. 

Since the Kennedy Space Center post office is open only 
Monday through Friday, excluding legal holidays, envelopes 
cannot be cancelled on Saturday or Sunday. Cancellations 
for minor tests cannot be given because access to these 
schedules is not available. sg 


Radio Astronomy In Earth Studies 

A high precision radio astronomy system has been 
adopted and used at the Goddard Space Flight Center in 
studies of the movement of the earth's crust. Very Lona 

totarferometry (VLBI) can measure the rotation of 
he earth, and polar motion, with a current precision of better 
£ Such precise measurements may shed light on 

the relationship between changes in the earth’s orientation 

"l ,he 0arth m are associated with large 
earthquakes. Such movements may occur before an earth- 
quake, but so slowly and over so large a region as lobe 
undetectable by conventional means. Using VLBI stations 
he Crustal Dynamics Project has made measurements ori 
toe tonger baselines lo measure continental drift, and on the 
shorter ones to monitor regional activity. 

axISS52!Il qUe US6S lW ° ° r mor0 an,ennas *o observe fixed 
dtole ^ quasars. Applying this prln- 

cip e to Earth cruslal studies, ihe quasar signal's difference In 
arrival limes at Ihe two stations can be used to geomelricallv 

dtS e 5 nce between the ,wo s,at,ons * h a h,gh 

Formation, with other countries, of a global station network 
and some of its work were reported by geophysicist Chooo 
Ma at the AGU Fall Meeting in San Francisco December 1 n 
Ma reported lhat a number of fundamental questions In geo- 

nto^9f^^ih 9ln9 , ,nV88,[ 3 a,ed by usln 9 space tech- 

asasartsas. 

rSfif S "° h “ N ° rth America? Whatls toe relation- 
raiKS 8 lh8 8arth ' S r0lallon and lar 9 e 

Iv U , 3,nfl 80nsltive ' a <*ur a ie- 

l„S? y 8 ?i enna8 ranging IromTloSm 

at Green Ba™ w£" 0^'' 

I. . . . 1 . 


Sweden; Bonn, W. Germany; and Chllbolton, England The 
Crustal Dynamics Project group at toe Jet Propulsion Labo- 
ratory Is Implementing the Mark III system Into a mobile sta- 
tion for measurements of crustal movements In the western 
United States. 

Since 1976, measurements from Massachusetts to West 
Virginia and California indicate overall continental stability 
i.e., no more change than 2 cm/year. The baselines to Texas 
first measured in April 1 980, will allow more detailed exam!- ' 
nation of the eastern and western sections of North America 
Many measurements have been made In California since 
thal Is an area of known regional activity. 

In cooperation with the National Geodetic Survey and sev- 
oral International organizations, VLB! measurements were 
made by NASA In July. September, and October 1980, as 
part of the Monitoring Earth Rotation and Intercomparison of 
Techniques Program. These data, equal In amount to what 
was acquired In two previous years, are now being analyzed 
and are to be published next spring. They will provide un- 
precedented opportunities to compare the details of the 
earth's orientation as determined by other techniques and to 
check the United States-to-Europe baselines for plate motion 
and stability. — PMB 83 

New Marine Studies Center 

Temple University has established a Center for Marine 
Studies with faculty members from four of Its colleges. The 
center will offer courses leading to a certificate in marine 
studies. 

Studies will focus on urbanization's Impact on the marine 
environment and will focus on management and economics 
of waterfront utilization. In addition, faculty members will be 
constructing an artificial reef off Absecon Inlet to determine il 
increasing protective environments will permit Increased 
sport fishing. 

Course offerings will range from oceanography and marine 
biology lo scuba diving and underwater research and data 
collection. 

For additional Information about the center, contact Robert 
P irec, °L C 0n,er for Marine Studies, Temple Universl- 

SiB o Ury Hal1, Phi, adelphia. Pennsylvania 19122 (call 
215-787-8720). 88 

Weather Predictions on Target 

The western third of the United Stales will be warmer and 
dryer than normal this winter, according to Jerome Namias, a 
meteorologist at the Scripps Institution of Oceanography's 
Climate Research Group. However, the East coast will be 
colder and wetter than normal, he predicted. These predio - 
ions, made early In December, have proven correct through 
the beginning of January. 

'Indications point to colder than normal temperatures over 
he eastern half of the nation and also over the Southwest 
rom New Mexico through Oklahoma and Texas, and warmer 
than normal temperatures over the western third of the na- 

d «■ e Na ™ las ' a P rlnc| pai investigator for Scripps' North ; 
Pacific Experiment (Norpax). Florida will probably experience i 
near-normal temperatures. 1 

A major change from last winter's weather, the predicted 
pattern Is the result of a trough in Ihe prevailing winds be- 

r? 0 and1 . 2 ' 200 m - Last winter's weatherwas mild 
from the Great Plains eastward to New England, dry and rel- 
atively snowless over much of the East, but abnormally wet ! 
over he Southwest, particularly in California. 

This winter, the prevailing-wind trough Is expected to ex- 
tend from New England southwestward to Texas, where a 
strong ridge Is expected over the Canadian Rockies and 
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along the West coast. This wind pattern would encourage 
movement of cold polar air masses into the East but would 
shield the West, Namias explained. This pattern also favors 
more frequent storms along the Gulf Coast and the Atlantic 
seaboard. 

In the East, some of the snows, once generated, would 
Influence the atmosphere that would further refrigerate the 
air, he said. 'By Increasing the temperature contrast between 
ihe continent and the Gulf Stream, development of East 
coast storms would be enhanced,' Namias adds. 

Ihe Dakotas, Nebraska, and parts of Colorado, New Mexi- 
co, and Arizona, which lie In a region between the above and 
near-normal temperature zones, will experience large weekly 
temperature fluctuations that will average out to near-normal 
temperatures for the season. 

Namias' weather-prediction techniques utilized, In part, 
oala on ocean-water temperatures as indicators for changes 
in climate over the continents. 88 

Federal Coal Directory 

Anew catalog that provides the addresses and the tele- 
phone numbers of more than 400 national and local coal- 
retafed offices of the U.S. Geological Survey, Office of Sur- 
tjee Mining, and the Bureau of Land Management is avail- 
able Irom the USGS. 

Tha 41 -page publication, a cooperative effort of the three 
department of the Interior agencies, contains a statement of 
acn ol the bureaus' functions and activities and a listing by 
q, 0 selected headquarters offices and field offices. 
n 5>9 |9 copies of the new publication, ‘Catalog of Selected 
races of the Office of Surface Mining, Bureau of Land Man- 
and the Geological Survey Relating to Coal, 1981’ 
ihTi 10 C * rcu,ar 0 4O), may be obtained free of charge from 
1 !»usgs Branch of Distribution, 604 South Pickett Street, 
Aronoton, Virginia 22304. $ 

Atmospheric Sciences Aesletantshlps 

Research asslstantshlps for graduate students In the at- 
for heric sc| ences are available from the National Center 
«jmo8pherlc Research (NCAR)] Research topics should 
r^ratmoaphertc dynamics, climatology, cloud physic*, at- 
fes £5 Br c chemlstr y and radiation, upper atmosphere phys- 
iq, ’ ^) ar a nd space physics, oceanography, or envlronmen- 
ard societal Impact assessment, 
stivtl ♦ ntment8 are Half-time and offer salaries of $8085 for 
STko? r wbo Have passed comprehensive examinations arid 
rJX . ,hose who havenot. Maximum teh(irefoi J Ph-D. 

*J® 8 ia usually two years, but M.S. candidates are usu- 
mlk. !ed to t year. In unusual cases, an additional year 

tybe P 08 slble.; ; , ; '• ;- : «S 

Artmi 1 ? nal Irttormatlon may be obtained from Betty VVflson, . - 
oQ^nlstrator, Advanced Study Program,: NCAP; R.O. $ox 
Bould 8 r, Coiorado B0307. ® : : r ‘ . > : > l i : ; 


Geophysicists 

Nell H. Berg is now in charge of snowpack research for the 
Forest Service’s Pacific Southwest Forest and Range Experl- 
m ® I \ t 1 statlon ln Berkeley, California. In his new position, he 
will direct a team of scientists to study forest management In 

California 20098 °* ^ &Brra Navada and Coast Ranges In 
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Pauhkas 


George A. Paullkas has earned a Trustee's Distinguished 
Achievement Award for 'outstanding international leadership 
in magnetosphere physics and its applications to military 
space systems' at The Aerospace Corporation. The award 
consists of a bronze plaque and $10,000 cash. 

Paullkas, associate editor of the Journal ol Geophysical 
Research, 1972-1974, has been director of Aerospace's 
Space Sciences Laboratory since 1 968. 



Spiihaus 


Athelstan Spiihaus will be a Distinguished Scholar at the 
Center for the American Experience. Annenberg School of 
Communications, and a research fellow in the Institute for 
Marine and Coastal Studies, University of Southern Califor- 
nia, Los Angeles, from January through June 1 981 . 

Herbert W. Stoughton joined the geodetic survey squadron 
of ihe Defense Mapping Agency at the F. E. Warren Air 
Force Base in Wyoming. 

Robert L Wesson has been officially appointed assistant 
director for research at the U.S. Geological Survey In Reston, 
Virginia. He succeeds James R. Balsley, who retired a year 
ago. Wesson has contributed to earthquake research aimed 
at prediction and mitigation of quake hazards. 


Geophysical Events 

This item comprises a selected portion ot SEAN Bulletin, 5(11). 
November 30, 1980, a publication of the Smithsonian Institution. 

Volcanic Activity 

Mount St. Helens Volcano, Cascade Range, southern 
Washington, U.S. A. (46.20 9 N, 122.18°W). All limes are local 
(GMT - 8 h). After the explosions of October 16-18 and 
the brief period of lava dome growth lhat followed, activity at 
Mount St. Helens was limited to vapor emission and occa- 
sional seismic activity through early December. 

Most early November seismic events were caused by rock 
slides from the crater walls. No significant local earthquakes 
or harmonic tremor were recorded until mid-November, when 
brief episodes of harmonic tremor began, barely within the 
detection limits of sensitive seismographs on and near the 
volcano. Intermittent low-level tremor continued through 
early December. Stronger tremor started on November 25 at 
2054, gradually fading into background noise about 35 min 
later. Observers in a U.S. Forest Service aircraft reported a 
slightly brighter glow In the dome area after this event. A sec- 
ond burst of stronger tremor began November 27 at 2034, 
continuing for about an hour, and several more such epi- 
sodes, lasting only a few minutes each, were detected 
through November 30. 

U.S. Geological Survey monitoring of the nor(h crater ram- 
part revealed a maximum net outward movement of about 23 
cm between the October explosions and November 26. How- 
ever, a major reversal to Inward movement occurred in late 
October before an outward trend resumed In November. Out-, 
ward growth accelerated in mid-November to slightly more ' 
than 1 .5 cm/day at times, a rate similar to that recorded dur- 
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Fig 1 . (a) Average MgO and{6) CaOconcenlralion in orupbvo 
rocks (rom each eruptive episode at Mount Si. Helens, May 18 to 
August 7, plotted against lima of each episode (May 18 -= 1). Analy- 
ses are ol fused powders by too electron microprobe Numbers In 
parentheses are the number ol samples analyzed and included for 
average value. 

ing ihe summer. About 20 cm of expansion was measured 
between November 1 2 and 26. 

No major changes have taken place in the volume or ratio 
of gasses emitted by the mountain. Two large fumaroles 
opened in the crater floor, very close to tha margin of the lava 
dome, one on November 18 or 19, the other on November 
25. As they opened, both ejected mud (containing no fresh 
magma) that coaled snow on the flank. As of early Decem- 
ber, the new fumaroles were 2-3 m across, glowed cherry 
red, and puffed noisily at half-second intervals. 

The following Is a report from W. G. Melson. 

A small but definite trend toward andesite composi- 
tions is revealed by major element analyses of the 1 8 
May to 7 August eruptives. A total of 46 samples of prob- 
able essential ejecta have been analyzed (Table 1 and 
Figures la and id) a minimum of five such samples from 
each eruptive episode. The trend Is an irregular one and 
Is more pronounced with regard to MgO and CaO when 
plotted against time of eruption. 

Information contacts: Tom Casadevall, Chris Nswhall, and 
Don Swanson, U.S. Geological Survey Field Office, 301 E. 
McLaughlin, Vancouver, WA 98663. 

Robert Tilling, U.S. Geological Survey, Stop 906, National 
Center, Reslon, VA 22092. 

Steven Malone, Robert Crosson, and Elliot Endo, Gradu- 
ate Program In Geophysics, University of Washington, Se- 
attle, WA 98195. 

WHIIam G. Melson, NHB Stop 119, Smithsonian Institute, 
Washington, D. C. 20560. 

Pavht Volcano, Alaska Peninsula, Alaska, U.S.A. 

(65.42°N, 161.9VW). All times are local (GMT - lOh). An 
eruption from Paviof November 1 1 -12 ejected large lava 
fountains and ash clouds that reached 1 1 km altitude and 
may have produced lava flows. 

A seismic station 1 0 km southwest of Paviof registered a 
2 Vs min burst ol low-amplitude harmonlo tremor beginning on 
November 5 at 1 351 . Emission of steam, ash, and some 
blooks from a vent high on the northeast flank started No-: 
vamber 8 at 1047 and lasted about 5 min, without accom- 
panying seism Icily. A second burst of low-amplitude tremor 


TABLE 1 . Averages for Each Eruptive Episode ol Mount St. Helena. May 18 to August 7 


Number 


99.16: 
99,94 , 
99.89 
100.17 t. 
99.57 ■. 




Electron rnicroprobe analyses of fused powders by W. Melson, T. CTHeam, and J. Nelen, SmKhsonlan Institution. Samples collected by 
D. Simeon, C, Hopson, W. Melson, Ft. Flske, ai>d C. Klenie.i r ' 

1 , May 18 average nine analyses; 2. May 25 average 11 analyses; 3. June 12 average nine analyses; 4. July 2 2 aver age nine analyses; • 

6! August 7averagd 10 analyses. • 

j’Total iron cafoqlated as FeO. o \ • • 
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occurred between 0536 and 054 1 on November 9. 

In contrast to the pattern observed before eruptions In 
1973, 1974, 1975, and 1976, virtually no additional seismic 
activity was recorded until a group of seven low-frequency 
volcanic earthquakes occurred at about 2300 on November 
IQ. After an explosion event appeared on seismic records at 
0243 on November 1 1 , 10 more low-frequency volcanic 
earthquakes wore recorded between 0300 and 0400. Contin- 
uous harmonic tremor, of fairly low amplitude, began at 0608, 
but amplitude intensified around 0900. 

Reeve Aleutian Airways pilot Everett Skinner saw rocks up 
to 1 m in diameter rising 10 to 30 m at 1 315 on November 1 1 . 
An observer In Cold Bay. 60 km to the West, noted an In- 
crease in activity about 1600. Skinner returned to the vicinity 
of Pavlof between 1 630 and 1 700, reporting lava founlalnlng 
from the summit, a black cloud hugging the volcano's upper 
north flank, and an eruption column reaching an estimated 6 
km altitude. Between 1 BOO and 2000, various witnesses re- 
ported lava fountaining to a maximum height of 300 m and 
Incandescent material moving down the north flank. A satel- 
lite image returned at 1 958 shows a nearly circular plume, 1 5 
km In diameter, north of the volcano. Activity was visible 
through the night from Cold Bay (see above) and the Sand 
Point area (60-65 km to the east noriheasl). 

The noxt morning, at 0946, a satellite image revealed a 
plume 1 60 km long and almost as wide spreading north of 
Pavlof. Spectral analysis and weather balloon data Indicate 
that the plume reached 8-9 km above sea level. Pilot reports 
on November 1 2 placed (he top of tho oruption cloud at 9 km 
at 1000, 6 km al 1 100, and 1 1 km at 1400. The eruption 
clouds were described as varying from ash-rich to ash-poor. 

A hoi ica pier crow from KENI television, Anchorage, video- 
taped pulses and bursts oflnva founlalnlng. rising 150-300 
m between 1 600 and 1 700. Tho fountains emerged from a 
preexisting vent high on (he northeast Hank, tho only vont 
coni limed activo during tho eruption. 

•Very high amplitude harmonic tremor accompanied the 
oruption. reaching its strongest lovols between 2000 on No- 
vember 1 1 and0700 on November 12. Tremor ceased at 
1 835 on November 1 2, at which lime many B-type earth- 
quakes began to be recorded. 

By Ihe morning of November 1 3. tho eruption had ended. 
Several hundred B-lype events per day were recorded No- 
vember 14-15. Reno wed high-amplitude tremor began No- 
vember 1 5 at 1306, lasting until 1711 B-lype earthquakes 
continued November 16-19, but fewer than 100/day wore re- 
corded. 

Information contacts S. McNutt and J. Davies. Lament- 
Doherty Geological Observatory, Palisades, NY 10964. 

Alison Till, U S. Geological Survey. 1209 OrcaSt.. Anchor- 
age, AK 99501. 

Jtirgan Klenle, Geophysical Institute. University of Alaska, 
Fairbanks. AK 99701. 

G. Roberts. Cord Bay Weather Station, Cold Bay. AK 
99571 

Commander John Hair. Chief. Marine Environmental 
Branch, P.O Box 3-5000 (MEP), Junoau, AK 99802. 

Gareloi Volcano, Aleutian Islands. Alaska (51.80°N, 

1 78. B(TW). AH limes are local (GMT - 10 h). On August 1 0 
and 1 1 , S0 4 ' from a fresh volcanic plume was detected from 
a research aircraft (flown by NASA under contract from the 
U.S- Department of Energy) at 1 9.2 km altitude just south of 
Anchorage, Alaska. 

Imagery returned August 8 al 1010 by the NOAA 6 Satellite 
shows a high-altitude plume appearing to originate from the 
vicinity of Gareloi. Using a drift rate of 30 krrvhr, Los Alamos 
Scientific Laboratory personnel calculated that the eruption 
which produced this plume had probably ended about 1 0 h 
earlier. Later visual and infrared Images show the plume 
moving toward the Anchorage area, about 2000 km from 
Gareloi, at a rale lhat could have brought it to Ihe sampling 
area by August 1 0. The eruption column seen emerging from 
Gareloi August 9 by a commercial pifot was also present on 
satellite images, but clearly was not large enough and did not 
reach a high enough altitude to have been (he source of the 
material sampled August 10-11. Wind conditions also pre- 
clude the Aagust 7 eruption clouds from Mount St. Helens as 
a source for S0 4 “ in the Anchorage area al this lime. 

Information contacts: W. A. Sediacek, G. H. Heiken and E. 
J. Mroz. Los Alamos Scientific Laboratory, Los Alamos. NM 
97545. 

Krafla Caldera, Myvetn Area, Iceland (65 . 7 1 Q N, 

I6.75*WJ. The following is a report from Kari Grflnvold. 

Alter Ihe October eruption the magma reservoirs at 
Ktalla inflated rapidly until the last week of November. 
Ground level monitoring indicates that at that lime land 
height ovei the magma reservoirs was higher than be- 
fore the October oruption. During ihe week or so prior to 
3 December, the rate of Inflation has been slower and 
more irregular. 

From the pattern of behavior so far. an eruption can be 
oxpecied to taka place soon. Evacuation plans and civil 
defence measures have been strengthened in case of 
an eruption in ihe southern part of the fissure system, 
closer to the village near Lake My vain. 

Information contact: Karl GrOnvold. Nordic Voteanological 
institute. University of Iceland. Reykjavik, Iceland. 

Langlla VolGono. New Britain Island. Papua New Guinea 
(5 5&S, 14B.42°E). The following is a report from the acting 
senior voteanofogisi . 

intensified eruptive activity that began in mid-October 
conlmued unlit 6 November. Dark emission clouds con- 
Unued to be released from crater 2, and emission clouds 
from crater 3 were pale gray. Ejections of incandescent 
■ lava fragments from both craters were accompanied by ■ 
rumblings and explosion sounds. The lava flow from era- • 
was reported to bo stlft active on 1 t November, 


A decline In Ihe intensity of the eruption was evident 
on 8 November, when seismograph attenuation was re- 
duced by 18 decibels. However, glows and ejections of 
Incandescent lava fragments continued from both cra- 
ters, and gray ash and vapor clouds continued io be 
emitted. 

Information contact: Acting senior volcanologist, Rabaul 
Observatory, P.O. Box 386, Rabaul. Papua New Guinea. 

Kavachl Volcano, Solomon Islands, Southwest Pacific 
(9.03° S, J 57.93°Ej. Solair pilots flying over Kavachl Volca- 
no on October 1 4 observed a similar submarine eruption to 
that reported by Chlel Pilot Bruce Kirkwood on October 7, 
although there appeared to be more mud in the surrounding 
seas than during the earlier activity. By October 23, activity 
had decreased lo occasional bursts of hot water at Ihe sur- 
face. 

Information contact: DeniTunl, Geology Division. Ministry 
ol Natural Resources. Honiara, Solomon Islands. 

Volcanic Activity In the Philippines, September-Novembar 

Bufusan Volcano, Luzon Island (12.77°N, 124,05° E). 
Bulusan's mosl recent ash eruption, on September 28, was 
followed by a series of volcanic earthquakes which became 
(ess frequent with time. Felt events of Intensity I lo II on the 
Modilled Rossl-Forel Scale have also occasionally been re- 
corded. 

Mayon Volcano, soulhaasl Luzon Island ( 13.26“N , 

1 23.62 °Ej. Short-duration harmonic tremor was first noted 
at Mayon on August 1 6. Occasional tremor continued 
through November, and aaol November 30, 21 4 episodes 
had been recorded. Similar seismicity preceded ihe 1978 
eruption and accompanied crater glow In July 1979. 

Canteen Volcano, Negros Island (10.41°N, 123.1TE). 
Seismic activity at Canlaon has lessened considerably since 
il started on May 6, 1 980. but remained above normal as of 
lale November. Canlaon last erupted in mid- 1970, ejecting 
ash intermittently. 

Information contact: Olimplo Pefla, Acting Commissioner, 
Commission on Volcanology, 5lh floor, Hlzon Bldg., Quezon 
Blvd. Ext., Quezon City, Philippines. 

Myoflnsha Submarine Volcano. Mariana Islands, Japan 
(31.92*N, 139.92°E). All times are local (GMT + 9h ). The 
crew of the fishing boat Suitenmaru 1 1 saw discolored water 
over Myojinsho on November 15 at around 1 530. They re- 
ported that no discoloration had been seen there that morn- 
ing. Personnel from Ihe Japan Maritime Safety Agency 
(JMSA) flew over Ihe site on November 16 and observed 
three circular areas of pale green water, each 50-80 m 
across, aligned within a 300-m zone. These were also seen 
Ihe following day by the crew of the fishing boat Shinkomaru 
26 and again by JMSA personnel on November 26. No float- 
ing ejecta or upwelling of water were noted, however. 

The November activity is the tirsl since July 13, 1979, 
when JMSA observed discolored water. In 1 952. 31 persons 
aboard the research vessel Kaiyo Maru 5 were killed by a 
violent phreatic eruption of Myojinsho. 

Information contacts: Japan Maritime Safety Agency, 5-3 
Tsukiji, Chuo-ku, Tokyo. Japan. 

Seismological Division, Japan Meteorological Agency, 1 -3- 
4 Otemachi, Chiyoda-ku, Tokyo 100, Japan. 

Submarine Volcanos, Volcano Islands, North Pacific 
Ocean. The Japan Maritime Safety Agency (JMSA) contin- 
ues frequent monitoring flights over several known sub- 
marine volcanoes (see table below). The most active of these 
Fukutoku-oka-no-ba (24.28° N. 141 .52° E), formed islands In 
1 904 and 191 4, and discolored sea waler In 1 950, 1 952- 
1953, 1955-1956, 1958-1959, 1962. 1967-1968, and 1973- 
1980. Discoloration has also been seen occasionally over 
Fukujln (21.93° N. 143.47 3 E) each year since 1 977. Minaml- 
hiyoshi (23.50° N, 141 .90°E) discolored seawater January - 
March 1 977 and January-March 1978, but has nol been ac- 
tive since. An adjacent vent, Nlkko (23.08° N, 1 42.32° E) has 
shown no signs of activity since July 1 979. (See Table 2.) 
information contacts: Same as for Myojinsho. 

TABLE 2. Volcanic Activity at Three Sites In the Volcano Islands, 
April to October, 1880 


Date of 
Observation 

Fukutoku-oka-no-ba 

Minami-htyoshi 

Fukujln 

April 24 

D 

N 

N 

May 12 

D 


D 

June 16 

D 

N 

N 

July 7 

D 



July B 

D 

N 

N 

July 14 

D 

N 

N 

August 18 

N 

N 

N 

September 4 

N 

N 

N 

October 21 

N 

N 

N 


overflight. 

Sakurazlma Volcano, Kyushu, Japan (31.58°N, m.65*E). 
The numberof explosions recorded at Sakurazima declined 
from 21 In September lo 4 In October, then Increased lo 21 in 
November (see Table 3). The highest October ash cloud 
reached 2.0 km on the first. None of the October activity 
caused any damage. Lapllli from the largest November teph- 
ra cloud, which rose 2.5 km on November 8, broke fiva car 
windshields, The air shock Irom the November 28 explosion 
. broke two windows In a hotel at the base of the volcano. No 
Injuries were reported, I 

The November 23 explosion was the 267th of 1980, mak- 
ing ihe year’s total Ihe greatest since 1974. ' 

Information contact: Selsniofyjlcal Division, Japan Mete- . 
. : oro logical Agency, 1-3-4 Otemachi,; Chlyoda-kul Tokyo ibo. 


TABLE 3. Explosions From Sakurazlma, October- November 1880 | 

Number of Explostore 1 


October 

1 

16 

10 

24 

Total 

November 

1 

2 

3 

7 

8 
9 

10 

13 

22 

23 

24 
28 

Total 


Asama Volcano, central Honshu, Japan (36.40* N, 

138.53 * E). Monthly seismicity at Asama increased from 
1 1 14 recorded events in September to 1 350 In October (see 
Figure 2), the highest monthly total since August 1977. Seis- 
mic activity decreased to 897 recorded events in November. 
No eruption or increase in steam emission were observed. 
Asama last erupted In 1 973, when the number of earth- 
quakes reached 561 2 per month. 

Information contacts: Same as for Sakurazlma. 
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Fig. 2. Number of seismic events recorded per month at Asama. 
January 1971 to November 1980. The eruptions of February and 
March 1973 are Indicated by arrows al the lop of the figure. 



Earthquakes 



Time, 

GMT 

Magnitude 

Latitude 

Nov. 8 

1028 

7.4 M, 

41.1 8"N 

Nov. 11 

1037 

0.9 M, 

51.43°S 

Nov. 12 

0658 

5.2 m b 

13.09°S 

Nov. 23 

1835 

6.9 M, 

40.8VN 

Nov. 26 

1738 

4.7 m b 

8.10-N 


Longitude 

Depth 
ol Focus 

Region \ 

124.34°W 

14 km 

off the coast of north 
California 

28.84’E 

10km 

Atlantlo-lndlan Ridge ' 
south of Africa 

74.45°W 

shallow 

eouth central Peru 4 

15.34®E 

6km 

south Italy i 

72.22*W 

shallow 

east Venezuela 


The California earthquake caused a bridge collapse that 
Injured six persons, but damage was generally light and no 
olher Injuries were reported. The Peru shock killed at least 
seven people, Injured at least 20 others, and left thousands 
homeless. Casualties and damage were concentrated in the 
San JosO area, 80 km easl of Ayacucho. About 25,000 knr 
of south Italy were devastated on November 23. As of early 
December, official casualty figures listed 31 05 as killed, 1 576 
missing, and presumed dead, and 1671 Injured. An estl- , 
mated 200,000 were left homeless. The November 28 event 
Injured 36 people and badly damaged 30 buildings in CUcuta, 
Colombia, oh the Venezuelan border. 

Informallon contacts: National Earthquake Information 
Service, U.S. Geological Survey, Stop 967, Denver Federal. , 
Center, Box 25046, Denver, CO 80226. 

Reuters. 

United Press International. •• ; 

The Associated Press. . - ; 

The New York Times. : . v . 

Fireballs ' j 

Atlantic Ocean, November 15, 2300QMT. ■ l 

Observer: Capt Zwelgler, F/O Graf, F/E KogelnlgofLuft? ; 
hansa Right SH 51 9, (Caracas - Frankfurt) : ■ . 

location: 22.45-N, 48.1 5°w; aircraft course 03i°magr|eflo 

altitude 8.8 km.: . : .. , 

• Flratslghtlng: 70? magnetic, 30° above hprizori,. ;; 

Last sighting: 91° magnetic, 10° above horizon, v' 

• Duration; ?p,?. - . • - . vi ■ - 


EOS, vol. 62, no. 2, January 13, 10B1 18 


Apparent brightness: like full moon. 

Color: white at the beginning, yellow at the end. 

Size: about half of the full moon. 

The object initially possessed a smoky tail about 4 times 
the length of Its head. When last seen, the fireball was sepa- 
rating into four or five pieces. A yellow afterglow lingered for 
5-7 s. 

Information contact: Gerhard Polnllzky, Universltaets- 
Stemwarte, Tuerkenschanzstrasse 117, A-1180 Wien, 
Austria. 

Atlantic Ocean, November 17, 0106 GMT. 

Observers: Capt. Halle, F/O Behrendt, F/E Schmidt of Luft- 
hansa Flight LH 421 . (Boston - Frankfurt) 

location: 42.53°N, 57.20°W, aircraft course 065° true, alti- 
tude 9.4 km. 

First sighting: 065° true, 40° above horizon. 

Last sighting: 045° true. 5°-10° above horizon. 

Duration: 3 s. 

Apparent brightness: like full moon. 

Color: blue-green, then yellow-red. 

Size: >/4 of full moon. 

Information contact: same as above. 


Austria, August 11,2159 GMT. 

Observer: K. Franger. 

Location: Gloggnltz, Austria (47.68“N, 15.97°E). 

First sighting: right Ascension 21 h20 min declination 
+67°. 

Last sighting: right Ascension 1 8 h 45 min declination 
+40°. 

Duration: 12 s. 

The fireball was first observed In the constellation Cepheus 
and disappeared In Lyra. It had an Initial magnitude of -2, 
Intensifying lo -8 on explosion of the bolide. At this point, the 
shadows of nearby trees could be clearly seen. No noise was 
heard. An afterglow was visible for 10 s. 

Information contact: same as for Atlantic Ocean. 


Czechoslovakia- Poland border, October 3, 2300-2400 
GMT. The following Is a report from Zdenflk Ceplecha. 

A fireball of - 1 0 maximum absolute magnitude was 
photographed by at least 2 stations of the European net- 
work. The fireball traveled a 52 km luminous trajectory in 
2.8 8. No visual observations are available and the time 
of fireball passage is rather uncertain. The following re- 
sults are based on 2 photographs of the Czech part of 
Ihe network. 



Beginning 

Maximum 

Light 

Terminal 

Velocity (km/s) 

18.6 

17.6 

167 

Height (km) 

73 

48 

43 

Latitude 

4B.39“N 

49.81 °N 

40.64°N 

Longitude 

1B.73*E 

19.11°E 

19.18’E 

Magnitude 

-4 

-10 

-4 

Maas (kg) 

9.B 

1.3 

0 

Z R 

68.0° 

56.0° 

50.0° 


Fireball type; II. 

Meteorite fall very Improbable. 


Radiant 


(1850.0) 

Observed 

Geocentric 

Heliocentric 

Alpha 

345° 

341° 


Delta 

4* 

-2 s 


Lambda 



301° 

Beta 




2° 

Initial velocity 

18.8 

1B.2 

39 


(km/s) 


Orbit (1950.0) 
A 

4.0 

A.U. 

E 

0.8 


Q 

0.88 

A.U. 

Aphelion 

7.0 

A.U. 

Omega 

227.0° 


Ascending node 

100.45* 


Inclination 

2.0* 



Meteor shower: perhaps a bright member of Caprfcomlds. 
Information contact: same as Czechoslovakla-Austrla. 


Czechoslovakla-Austrla border. November 18 , 01 1332 
GMT. The following is a report from Zdenek Ceplecha. 

A fireball oi - 1 2 maximum absolute magnitude was 
photographed by 6 Czech stations of the European nel- 
work. The fireball traveled a 53 km luminous trajectory In 
0.7 seconds. A prism spectrum with dispersion of 20 na- 
nometers (nm)/mm in the blue region was photographed 
from the Ondfejov Observatory. The strongest lines be- 
long to Ionized calcium (393-397 nm). Ionized magne- 
sium (448 nm) and Ionized silicon (635-637 nm) and to 
neutral sodium (589-590 nm). Most ol Ihe medium and 
faint lines belong lo neutral Iron, magnesium, and cal- 
cium. The following results are based on all available 
photographs and should be close to final values. 



Beginning 

Maximum 

Light 

Terminal 

Velocity (km/s) 

71.0 

70.8 

69.0 

Height (km) 

117.3 

91.8 

87.6 

Latitude 

48.821-N 

4B.B60°N 

4B.855 a N 

Longitude 

15.838°E 

15.328°E 

15.246’E 

Magnitude 

-3.8 

-12.0 

-4.2 

Mass (kg) 

0.19 

0.02 

none 

Z R 

55.8* 

— 

58.2* 


Fireball type: III A I. 

Typical cometary fireball belonging to the Leonid Me- 
teor Shower (Parent Comet: Tempel-Tuttie). Meteorite 
fall Impossible. 

The Increase In brightness during the first half-second 
corresponds to 1 7 stellar magnitudes per second (6 mil- 
lion times per second In light intensity), which Is the big- 
gest Increase of brightness we ever observed for a fire- 
ball photographed within Ihe European network. The 
sudden decrease of brightness after the maximum light 
corresponds to 100 stellar magnitudes per second. 

Radiant 


(1950.0) 

Observed 

Geocentric 

Heliocentric 

Alpha 

153.7* 

153.8* 


— 

Delta 

22.04° 

2188* 


— 

Lambda 

— 

— 


149.1* 

Beta 

— 

— 


17.7* 

Initial Velocity 

71.9 

70.8 


41.5 

(km/s) 





Orbit (1950.0) 





A 


13 (±3) 

A.U. 


E 


0.92 



0 


0.9845 

A.U. 


Aphelion 


25 (±6) 

A.U. 


Omega 


172.7* 



Ascending node 

235.4483° 



Inclination 


162.2" 




Information contact: Zdenek Ceplecha, Ondfejov Obser- 
vatory, 251 65 Ondfejov, Czechoslovakia. 


South Europe, November 1 1, 1736 GMT. Many persons 
In Austria and Italy observed a brilliant fireball that traveled 
from northeast to southwest, disappearing below the south- 
west horizon. Table 4 summarizes a few of the observations. 
None of the observers reported any sounds. 


Information contacts: Maurizlo Eltri and Enrico Slomeo, 

Via Marcantonio Bragadln No. 2, 30126 Lido, Venezia, Italy. 

Gerhard Polnltzky, Universliaets-Slernwarte, Tuerkens- 
chanzstrasse 17, A-1 1 80 Wien, Austria. 

Iraq, October 5, 2256 GMT (October 6, 01 56 focal time). 

Observers: Capt. Schalzmann, F/O Meier, F/E Keller of 
Swissair Flight SR 196 (Athens-Bombay). 

Location: Iraq (33.33°N, 38.30°E) r aircraft course 120° 
magnetic, altitude 10 km. 

First sighting: 125° magnetic, 10° above the horizon. 

Last sighting: 130 s magnetic, at the horizon. 

Duration: 2 s. 

Brightness: dazzling. 

Color: blue-white. 

Size: about V« ol the full moon. 

No tail was observed. 

Information contact: Gerhard Polnltzky (see above). 

Calllornle, U.S. A., November 12, 0350 GMT (November 
1 1, 1950, Pacific Standard Time). Mr. and Mrs. Robert 
Dickey of San Juan Capistrano (33.50°N, 1 1 7.63°W) ob- 
served a brilliant firs ball during an evening of moderate cloud 
cover. The object first appeared as a very bright flash along 
the meridian at a point near the ecliptic, before descending 
rapidly to the Southeast and disappearing near the visual ho- 
rizon at about azimuth 1 20°. The entire event lasted between 
3 and 4 8. Varying cloud thicknesses along the flight path 
caused brightening and darkening. Brightness was mosl In- 
tense during the Initial flash, several limes lhat of the full 
moon. 

Information contact: Robert Dickey, Bob Dickoy Geotech- 
nical, Inc., 32145 Via Carlos, P.O. Box 694, San Juan Capist- 
rano, C A 92675. 

Massachusetts, U.S. A., November 21, 1414 GMT ( 0914 
Eastern Standard Time J. David Folger saw a very bright 
daylight fireball from Woods Hole, Massachusetts. The ob- 
ject, which first appeared in the northern sky as a single 
blue-green ball with tali, passed through approximately 10° 
of arc, descending west to east at an angle of at least 30°. 

In midflight, the bolide broke Into two pieces, both with 
tails, before disappearing 30°- 40° above the horizon. The 
complete event lasted about 1 s. No fireball sounds were 
heard, but they may have been masked by olher loud noise 
near the observer. 

information contact: David Folgor, Chief. Atlanlic-Gulf 
Branch (Marine Geology), U.S. Geological Survey, Woods 
Hole, MA 02543. 

West Texas. U.S. A., September 20. 0220 GMT, (Septem- 
ber 19. 2120 Central Daylight Time ). 

Observer/Location: Ed Walraven, near San Antonio. Tom 
Green County, west Texas (31 .2°N. 100 7’W), Ronald 
Schorn and Michael Courtney, near College Station, Brazos 
County, east Texas (30.6°N. 96.3“W) 

Right path: near vertical, ending almost at the horizon. 

Duration: 2-3 s. 

Apparent magnitude: -8 to - 1 0. 

Color: yellowish-white with red end. 

R. Schorn, an astronomer, believed that the velocity was 
sufficient to rule out man-made debris failing out of orbit and 
that a meteorite fall was possible. 

Information contact: John West, 3502 Old Oaks Drive, Bry- 
an, TX 77801 


New Publications 


Applied Water Resource Systems 
Planning 

R’p' Major and R. L. Lenton, Prentice-Hall, Englewood Cliffs, 
v111 + 248 pp„ 1 979, $1 9.95. 


Reviewed by Richard N. Palmer 


h*/i5?® n of Wafer Resource Systems, authored In 1962 
SLUS 88 ' Hufschmldt, Dorfman, Thomas, Marglin, and 
rj (Harvard University Press, Cambridge, Massachusetts) 
jpeq to Introduce a new perspective In water resource 
pSr' 8em * na ^ tex t> a product of the Harvard yi/ater 
rogram, combined econpmlcs and systems analysis with 
< ? nven ttonal engineering procedures to produce new 
fZ? 0d0 * O9,e8 ( or the evaluation arid design of water 


IUI tUD OVaiMCUlUil ONUUDOiyM 

’!?. lJrcQ projects. UntH this time few practitioners or ■'• 
a ^mfoians, allowing for several notable exceptions such 
sArthur Morgan and Abel Wolrhan, had taken as careful 

Cflfflnrdhannl.u _ A< ...afar rflfini IIYW 


anrt ' ana «oei woiman. naa icumai 

na comprehensive a view of the process Of water resource 
Bvelopment end managemehL Overthe yeprs thte text ha 8 

"SQ S SlnnlflnaMt Ln..x iry*0 rtlsinnorfi 


Observer 


Location 


TABLE 4. Observations lor South Europe, November 1 1 
First Sighting Last Sighting Duration Magnitude 


Size Train 


— * 80 km northwest of 

Klagenfurt, Austria 
(47.2“N, 13.6°E) 

— Venice, Italy 

(45.4°N, 12.3 D E) 

Tesl Luciano south Marcello, Italy 
(44.05'N, 10.78 e E) 


190® magnetic, 
40° above 
the horizon 
NEsky 


210° magnetic 30 s like a pyro- 
technics! 
flare 

SW horizon — —-9 


while, V« of 

becoming moon 
red 

white-blue — 


persisted 
4 min 


NEsky 


SW horizon 


— -11 to -12 


P. Fapperdue Viterbo, Italy 

(42.4 P N, 12.1"E) 


NNE, 50 s altitude SW horizon to a -17 


■white-blue 

with 

green-red 

halo 

orange 


nonB 

persisted 

none 

persisted 


Rome, Italy 
(41.0*14, 12.5 # E) 


red-green 
with while 
center 


wavy train 
persisted 
2-3s 
2®’-30° 
long 


‘Capt. Hanlsch, F/O Pillz, F/E Heptner, F/6 Hoehe of Lufthansa flight LH 605 (Tel Aviv-Fiankfurt). 


In an new text entitled App//ed Wafer Resource Systems- 
Planning, this Influence Is clearly Illustrated. Togethsr with 14 
coauthors, editors David Major and Robert o Lenton present a 
successful application of the theory and Ihe techniques ■ 
suggested by Maass et al. In p study of river basin - 

development In the Rio Colorado In Argentina. The study 
described In the book was conducted In the mld-1970 s at the 

request of the Argentine government by a team of 

researchers from MIT and government officials from 
Argentina. The research performed three primaiy purposes: 
to adopt water resource planning techniques to Argentina, to 
train Argentine professionals In their use, and to apply the . 
techniques to the Rio Colorado. The book focuses on the 


third of these purposes. ; _ . . 

The twelve chapters are divided Into three parts. Part 1 
gives an exceileril background to the problem sefflng. < a 
. description ot the methodo ogy uaed, ar»d an ovenj ew of the ■ 

\ remaining port torts oft he ^ art ^^ z cr t ^ 8 ^lem 

Part! SS mAs I parameter inputs lot the model, jfre resuits, 
Slnterpretattons, andthslperspectNes, Rjltoarinfl [several 
■ J , ' l. . „ J b that describe n further detail 


The problem addressed in this book was how best to plan 
lor the future development and sequencing of a number of 
potential hydropower faculties, Irrigation systems, and 
reservoir projects In the Rto Color ado and surrounding 
basins. The researchers approached their problem with two 
tools advocated by Maass et al.: mathematical programing 
and mulllobjectfve economic evaluation. The methodology 
they developed to solve the problem was a series of 
mathematical models, differing in purpose and In complexity, 
that were used sequentially lo evaluate potential system 
■ configurations. These models are described in chapters 5, 6, 
and 7. A mixed Integer screening model was used to select 
potential development at 38 sites in Ihe basin. Hydrologic 
Input consisted pi monthly stre amilow data. Potential system 
configurations generated by the screening model'were then 
tested In one of two simulation models; These slmulaiioh 
models differed in the degree to which the hydrologic system, 
was described apd the, length of time steps used. The time 
' steps ranged from 4 months to 1 hour Increments;. , 
(Apparently, the ipore detailed of ihe two, simulation models 


Ann a muuence qn oiper warer v 16 " v 'r- 

' ■ ,f10 banner In which they approach problem solving. ^ ■ 

i-' -■> V' V v V . 1 /O' "v-:,:' 




.Lise and was therefore. used sparingly. ,) finally, Systems Ih^t 
appeared most, favorable were Investigated by, using a - ■ ’ 









r 
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sequencing modal that optimized investment ovor a 40-year 
time horizon Because of the massive scale of the system 
soma important components were ignored. For instance 
each reservoir was considered as an Independent entity, and 
no attempt was made toderivo an optimal operating policy 

for iho system as a whole. y 

The book is clearly organized andwoll written throughout. 
Dospile the numerous authors, tho writing is surprisingly 
uniform in style and is highly road able. Terminology and 
notation, except whore nolod, soom to be totally consistent 
In short, there Is never the fooling ot a disjointed effort which 
is common among most books with multiple authors. Good 
references at Iho end of each chapter allow the reader to 
pursue topics ol interest. The descriptions of the 
mathematical models developed in this study are 
exceptionally clear and concise. Of special value are the 
discussions that relate tho various models and illustrate how 
Iho models are used to compfement one another. 

In addition to its numerous positive attributes, however, the 
book does contain flaws. These flaws are the most striking 
when the book is viewed as a potential text, as is suggesled 
m iho introduction. The In tro due lory chapters that discuss 
mulllobjective planning and mathematical modeling 
(chapters 2 and 3 ) are superficial and do not lay the 
necessary foundation for the techniques that are used in the 
following chapters. Interested readers must seek the material 
lhat is referenced to obtain a complete appreciation ot these 
topics. Insufficient emphasis Is placed on iho process of 
model development and on model Interpretation. The 
restricted number of approaches and techniques lhat are 
presented in the book prevents it from being a well rounded 
introductory textbook in water resource systems. At the other 
oxlremo, the models prosontod in the toxt can no tonger be 
considered stale of tho art and are not given In sufllciont 
nolair to allow Iho book to bo used as a basic reference or as 
nn advanced graduate text 

Despite the above criticisms. Major and Lonton's book 
would mako nn excollonl supplemental text in an introductory 
course in water resources planning. Viewed as a case study, 
the book illustrates tho valuable process of transforming a 
complex water resource problem into a system of objectives 
and constraints that can bo quantitatively analyzed and, 
eventually, improvo tho planning process. 

Richard Palmer is wittuho Department of Civil 
Engineering, Water and Air Resources Division. University ot 
Washington, Seattle, Washington. 

Marine Turbulence 

J. C. J. Nihoul, Elsevier. New York, xii i- 370 pp., 1880. 

$58.50. 

Reviewed by John Woods 

There has tong been a conspiracy among fluid cfynamicists 
ot an engineering Inclination to reserve the word ’turbulence 1 
fora very special type ol nonlinear fluctuations in which 
three-dimensional vortex stretching drives a cascade of ki- 
netic energy from large scale to small, often with virtually no 
flux divergence over some portion of the spectrum. The study 
of such three-dime ns ionally isotropic (3DI) turbulence has 
made a major contribution in engineering, but after 75 years 
of research it is clear that life is more complicated in the 
ocean, where mixing is normally dominated by nonlinear fluc- 
tuations that are not characterized by three-dimensional vor- 
and are a * test only two -dimensionally isotrop- 
ic (2DI). Rejecting the use of the term turbulence for such 
important oceanic motion, one of the leading conspirators in- 
sists on using the vivid, if rather rude, term ‘flatulence. 1 This 
arrogant nonsense has prevailed because the engineers 
have until recently cornered the market in textbooks and 
monographs on turbulence. 

At last the situation is changing. The development of new 
tools to measure the fluctuations in the motion and scalar 
concentrations in the ocean has stimulated theoretical and 
laboratory studies designed to improve our understanding of 


the phenomenon of ocean turbulence in its own right, rather 
than as a minor application of engineering turbulence. Mono- 
graphs are beginning to emerge. 

The volume under review represents a collection of 21 pa- 
pers presented at the 1 1th International Colloquium on ocean 
hydrodynamics (Lfdge, May 1 979). The Colloquium was held 
In association with the second IDOE-IAPSO Symposium on 
Turbulence in the Ocean. 1 Another book, containing commis- 
sioned review papers presented at the symposium will be 
published soon. The two volumes neatly complement each 
other: The present volume contains papers reporting results 
of research projects, while the latter will contain broader re- 
views. Both contain material covering the whole spectral 
range encountered In the ocean, from millimeters to me- 
gameters. Nlhoul, In an Introductory chapter to 'Marine Tur- 
bulence. 1 identifies the features that distinguish what we find 
Jn the ocean Irom what the engineer finds In his/her world. 

The key factor Is that, in the interior of the ocean (l.e., away 
from the boundary layers), almost all the turbulent kinetic en- 
ergy occurs as motions with large Richardson number and 
small Rossby number. Classical 3DI turbulence occurs only 
at scales (--1m) much smaller than lhat of structure In the 
mean circulation, so there is a spectral gap several decades 
wide between the input of turbulent kinetic energy and Its en- 
try Into the 3DI turbulence that can whisk it speedily to molec- 
ular dissipation. Very little energy succeeds in leaping this 
gap, with the result that 3DI turbulence occurs only sporadi- 
ca l y in short-lived bursts In otherwise laminar flow. The cen- 
tral problem of turbulence in the Interior ot the ocean is to 
understand the processes occurring at high Richardson num- 
ber/low Rossby number. 

How do the eddies, fronts, and fine structure relate to each 
other and to the Rossby and internal buoyancy waves propa- 
gating through them? Panchov summarizes the contribution 
of classical 2DI turbulence theory to this problem, following 
ine approach of his well-known monograph. One of the 
themos to emerge from discussions at the Li&ge meeting 
waslhe need to take an integrated view In which all these 
motions, waves included, contribute to the overall budgets of 
the variances of momentum, vortlcity, temperature, salinity 
etc. It is therefore entirely.consistent to find papers by Colin 
de Verclfere on Rossby waves and Orlanskl and Cerasoli on 
internal waves. There is no contribution in this volume on the 
eddies (perhaps because they will be treated extensively in a 
monograph now being edited by Alan Robinson), but Fedo- 
rov reports on a case study designed to illuminate the com- 
plicated phenomenon of front-fine structure interaction That 
takes us up to page 100 . 

The remaining 278 pages are devoted to papers on the 
occurrence ol 3DI turbulence in the ocean, mainly In the 
boundary layers. This is probably a fair balance In terms of 
effort In the research community, but not, I would have 
thought, if judged in terms of either the proportion of the 
spectium covered by 3DI turbulence (about 0.001 %) or in 
Male ° f prac,ICal applica,tons - aJmost all of which lie at large 

But, brushing aside these reservations, let us see what 

^ RC Ude , d - The ,irst lheme is ,ha cascade of kinetic 
S?25 iS a r dissipation, with contributions from Dil- 

ton and Caldwell (abstract only), Oakey and Elliott (docu- 
menting [he correlation between the wind speed and dis- 

^Sf.h 0ri " !? e mixed la y 0r >- ° sborn (measurements be- 
low the wind mixed layer), and Ozmidov (ditto). There is still 
some uncertainty about the interpretation of the mlcroMale 

Ihfim Wh Ch dlssipation estimates are based; 

® ‘"consistencies with measurements of scalar varf- 

T^n B xUh«m«f r fh Sen,ed hBre by Gre " and Gibson), 
inter^r nf ihl ,h ! 0 T ra,ran of 3DI turbulence In the 
o ! a f ° f ,ha O' 103 " by shear instability (field evidence from 
Belyaev) and double diffusive instability (fascinating theoretf- 
ca I expositions by Lumley, and by Piacsek and Toomre In 

iat^on^ra^uffl P h ySlCal ^ importanl Phenomenon sfmu- 
n np«mo, by a num0rical ™del that has no need 

8 unr0Solved fluId motion). Naturally, many 
contributors are concerned with the turbulence in boundary 
layers. Revault d Allonnes and Caulliez present a progress 
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report on measurements from the Bou6e Laboratolre, which 
can be compared with Dillon and Caldwell data already men- 
ttoned. Five papers deal with the bottom boundary layer in 
Ihe presence of strong tidal currents. Bowden and Ferguson 
measured the vertical profile of shear stress by the eddy cor- 
relation method; and for the same area, Wolf estimated very 
similar shear stress values from external data and Swift used 
an analytical model with tldally varying turbulent kinetic ener- 
gy to calculate residual currents. Then come two papers on 
the shear effect on dispersion in tidal flow, by Nihoul, Runfola 
and Roisin and by Warluzel and Benque. The final contribu- 
ion by Veth, describes a new tool— the laser-Doppler veloc- 
meter-that may make a significant contribution to ocean 
turbulence observations in the future. 

Conference proceedings tend to be rather patchy, and this 
is no exception, but Marine Turbulence contains much useful 
material and Is recommended not only to those in the busi- 
ness, but also to the general oceanographer and, yes, to 

oHurtJuience believe ln ,he restrlcted engineering definition 

John Woods is director of the Regional Oceanography 
department, Institut for Meareskunde Kiel, DUstern- 
brooker Wag, Germany. 

Marine Geodesy, vol. 3, nos. 1 -4 

^ K w SaXena( . Ed)l Speclal lssue on interaction of Marine 

Ssa 01 ™* 8, Crane ' Russak ' New Y °* 

Reviewed by David Wells 

A symposium on the ‘Interaction of Marine Geodesy and 

? < 5?Q n r? ynam,CS ’ was held ,n Mlaml ' Florlda ' October 10-13, 
If/ 8 '. ? 8ymp0 ? um was sponsored by AGU and six other 
organizations and consisted of four technical sessions, four 
concurrent workshops, and a final plenary workshop. These 

^ ™ 0S con,ain 0 summar y of the workshops and 15 out 
of the 28 papers presented during the technical sessions. 

The interactions between marine geodesy and ocean dy- 
namics considered In these proceedings separate into the 
(a ° n f way lnteracli °n, the provision of precise po- 

?h« %iSSy#? arine 9 ? odeslsts t0 ocean dynamldsts), and 
e vertical (two-way interactions In several common-interest 

SJEH! l sea s V rface he| 9 hl )- The Interactions are most In- 
oorfj ?J h ? ana,y8,s of sa tollite-borne radar altimetry, which 
senses the Instantaneous sea level, as affected by both the 
marine geodesists' 'signal' (the marine geold) and by the 
ocean dynamldsts' signals (variously due to tides, currents, 
and a,mosph ©ric disturbances), This in 
nmfn Interaction, In which for each the signal of the other Is 

ceedlngs S ’ * WS represented ln the content of ^ese pra- 
The horizontal Interaction Is considered in two papers. 

manoi rep H°K e ?u 0r ! F!? s,atus of rad, ° navl 9 atlon systems 
£i" 0d by ^ 8 u ; s - Coast Guard. Seeber presented re- 
Satellite Doppler studies, on the effect 
foaeiS metal decks on height determination, and on the 
teaslb% of predseiy tracking moored buoy movements. 

The vertical Interaction Is represented by three groups of 

008an CirCUla "° n ' 9,obal caean ,ldeS 

lai^n n° Q » S0d re ,? ols sens,n 9 techniques to determine clrcu- 
on?ri^L 0 Ti 8, C, ap « ra by Ghew and b y Mollnari discuss cur- 
rHuJju , Florida Slfalts and ,n !h ® Caribbean Sea and In 
nn ho ♦ C0, re3pectlve ‘y. ©ach touching (Inconduslvely) 
leveling ° n r0VerS 8 n,eraction b © tw ©©n sterlc and geodetic 

1 2 Ce f n tJde ^ G0T ) models are of practical Interest In 
nr^if no J ' i examp,e - satellite altimetry data, satellite ». 

b » at °?' and seabed gravimetry. Zetler traded the J 
Sloon ? » developm ®nts of GOT models and of pelagic, a 

E 01101 ; yde gauges, data from which are IrivaluablC j 
tunln0 G0T moda ls. Thjee approaches to 
were described by Schwlderakl (In two papers) 
woo nlfS I ^ 8 , e8l ,n the first two cases, a theoretical mddej] 
hit nH c. , ° ln, ?P o,at0 hofwesn tidal data from coastal and 
^2 constituent obtained by Schwtderskl 
^ Ji h ®^“ n8t,t .V ent from Independent pelagic 
and 6° In phase. Parke pro- 
ally useful pararheters de-i 1 . 


rived from modeled M z , S,, and K, constituents. Estes pre- 
sented a purely theoretical GOT model (independent of Is- 
land or pelagic tidal data) and used It in a simulation of the 
effect of unmodeled systematic orbit errors on the problem of 
extracting ocean tide Information from satellite altimetry. 

Determination of the marine geold from satellite altimetry Is 
discussed In four papers. Marsh showed that in the short 
term (treating sea surface heights owing to dynamic effects 
as noise) altimetry Is useful In reducing geoid uncertainties. 
Brace compared altlmetrlc geold heights with heights from 
several geopotential coefficient sets and altlmetrically de- 
rived mean gravity anomalies with those from marine gravi- 
metry. Torge presented a gravimetric geold for the North Sea 
and compared It to one derived from altimetry. For the longer 
term, an integrated approach to extracting both geold and 
dynamic signals from altimetry is needed. Parra used results 
from the western North Atlantic to show that gravimetric 
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o^Srnrfhu !? c P rrected in local areas free of permanent 

ff “ ,he stud * of temporal variations 

ttoSSS f ynam C ,0Btur0s is thB most 030,01 contribu- 
tion of altimetry to ocean dynamics. 

r „2' 3 a,t, ™ 0, !T ^ as usad for 0,1 ^e allimetric studies 
^Bported h era . McArthur described the more advanced SEA- 

moli 1 ? lt(n ’! et0 [' to 9 Bth ®r with proposed future improve- 

^■SSoSum allU,e °' SEASAT ’ 1 W8S ann ° UnCad 

introdoctQr y paper by the conference cochairmen and 
aFmlf ch f lral0 n summarizes the workshops, which dealt 
almost exclusively with the altlmetrlc connection between 
marine geodesy and ocean dynamics. This is an excellent 
tutoria! paper on the present and potential uses ol this new 
tool, full of ferment and excitement and occasionally con- 
tradictory. (One workshop concluded that mesoscale eddies 
can be studied with existing altimetry; another workshop con- 


cluded that altimeter performance must first be Improved 
considerably.) 

Appearing In a refereed journal, these proceedings are 
certainly more accessible, and perhaps more carefully con- 
sidered in content, than if they had been produced in a less 
formal way. The lull flavor of the symposium is elusive, how- 
ever, since nearly half of tho papers presented are neither 
printed nor even listed by title in these proceedings. In partic- 
ular, more could have been included on sea level variations 
from ocean dynamics effects other than tides. Nevertheless, 
the papers here represent a valuable and much needed con- 
tribution to our understanding of the interactions between 
marine geodesy and ocean dynamics and to the dialogue be- 
tween marine geodesists and ocean dynamicists. 


David Welts Is with the Department of Surveying Engineer- 
ing, University of New Brunswick, Fredericton, Canada. 
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University of Wlseoneln-Oshkoeh. Geophys- 
ics. The Physics and Astronomy Department has a 
tenure track position open at the assistant or associ- 
ate prolessor level In geophysics. A wide rangB of 
teaching opportunities Is available to match the can- 
didate s specially. Strong references supporting su- 
perior teaching ability or potential are required. The 
cauddala will be expected to show Initiative and po- 
rMlal for conducting sponsored research in geo- 
Phystes with students at the B.S. and M.S. level. 
am subfleids within geophysloa will be considered. 
wmplBle applications with transcripts and at least 
S™ r3 ° l recommendation should be received 
^ September 1981 atari 
in ** <tete of appointment. Apply 

oJ? wlLSt De P artm8n ‘ o f Piston and Astron- 

ltfiiS^, OWl8COnaln ' Oahkoah . Wl 54901 
lUMpnone: 414/424-4431 ). 

GmS?? ? >C8SS Q60t °0 fa,: The Department of 


oninima T a PP |Ka,( ona for a tenure track ap- 
Wlnim snial thB assistant or associate professor 

0BOkw and/or geomorphology. 
f ppllcanl ^ axpeoled to devrt- 

leach imSI 0priB j to rBaearch P ro 9ram as well sb 
otov ^?^ rad ^ ,e courB0B to environmental ge- 
and Ptotetocene geology. 
ricufurS^ da,e 01 B PP°l n lmenl. Submit eur- 
thrse into 88 “ nd f coni P ,0t e tranacrlpls and have 
ChJS r£ rSefBnce a9nt to c - w - Fetter, Jr., 
KlS^ menlo,Q “ l °0V' University of 
tfE? W. 54901 (tele- 


Ptana-4VjM^”n" ,uanKOSn > wt 64901 (tele- 
199!. ^ 424 ' 4 480). Closing date 19 February 1, 


opwrtjnftw 1 r « 1y 0f ^^nato-Oshkosh Is an i 
Wortimity/allimatlva aclton employer. 


'remediate opening for geophy- 
nSfcJ^^'reatfflate and measure electromag- 


crnwinrfm na,ural resources; manage field 
^ ,en areployeea; promote Latin 
evaiuflBQn! X £^ raUQn P™! 80 ' 8 ; conduct economic 
deveioftmo 0081 “na'yaea of natural resources 
PhysSTs l Cflnd,da,e musl hava P6.D. In geo- 
tos; lam!iLi*!? UrB fl radua te credit to mineral econoiH' 
to the ? f ex P Br, ance with computers as used 

^25 “' todustry; some experience as a 

par yeart' ?^ n mBmber ' 3alaf y w 111 bB S^ 3 - 000 
qualified 831 3 hour work week to start, interested, 
Seven. ™ ™ 8umea “PP^ >o Group 
Suite ,00 1 l s - Wadsworth Blvd., Irongate II. 
889-0476’ k6Woot, ■ C0 80228. Telephone (303) 


lo ® 1 The Department of 
^aisnumiJ^ 1 ! 8 UntverB ' , y 'nvltes appllcallon 
°fly, ,aou "y position to structural geoF 

COmf ^to August 198.1 . Rank and salary wilt be 
qulred. Theterti.^ h ^“'"loallone. A Ph.D. is re- 
tfe VMuata BnH Wua i wifl a^Pactod to teaoh un- 

OOuc-jT^ anc sraduate COUrBAR In ntrunlural nanl. 


“W and tec inn inn ITT wursaB l n siruoiurai geoi- 

coirrse* anriH. pBrtl °lpate In summer Held 
^tofersnen Bn ac " v ® research program. 

P<ed CsM ortnnt Wn to 8 c8ndld ato With an ap- 

quflnl/tauy- nn .1 i “f 1 8 atrong'background In the 
tea acihm nJ? yB 8 0 ^ datfl - Th ® department 
^^rlnKt^ 8 ln Pa ,ro togy 1| gaophyafc8 1 and 
•kHishto has a oN ^ e working raia- 

toflandgjg group In oNII engktear- . 

^Halng CioZf^/ 0 ' App'toaltons of Remote .> " 

>•^3 a£uld^ e i° r app,loa,tot ’ b 1 ' 188 ?' -••• 
*staea, flrvjteti d ^ d a r68Uf ne ,th enameB 1 ad- <_■ 


Hydrogeologist. The Slate University of New 
York at Binghamton Invites applications lor a per- 
manent position In groundwater hydrology, starting 
fall 1981 . It Is desirable lhat applicant have teaching 
and research interests In one or more of the follow- 
ing: groundwater hydrology .■modeling, How through 
porous media, and environmental hydrogeology. 
However, applicants with Interests In other areas will 
be considered. 

Teaching responsibilities will Include both under- 
graduate and graduate courses The opportunity ox- 
iststo Initiate courses at all levels, but development 
of one lower-level undergraduate course Is essential. 
Research faculties Include: electron mlcroprobe, 
scanning electron microscope. X-ray diffractometers, 
atomic absorption and transmission spectrophotom- 
eters, and access to a large ceniral computer as well 
bb minicomputers In department. Appointment is 
planned as BBsIslant profeBsor, but not necessarily 
at beginning leval. Salary is negotiable, but will be at 
competitive academic level. 

Applicants should submit reBumd and arrange tor 
three letters of recommendation to be senl to James 
E. Sorauf, Chairman, Department of Geological Sci- 
ences. Stale University of New York at Binghamton. 
Binghamton. NY 13S01 . 

State University of New York at Binghamton is an 
affirmative acllorvaqual opportunity employer. 


Assistant Profssaon environmental Oso- 
ehsmlstry/Unl varsity of Virginia. The De- 
partment of Environmental Sciences, an Inler- 
dtsclpllnary collection of scientists, invites appli- 
cations tor a 3-year tonurB track position, beginning 
August 1 5. 1 98 1 . The applicant muBl have a Ph.D. 
and be able to leech undergraduate- and graduate- 
level courses in thermodynamics aqueous geo- 
chemistry. The applicant should have an under- 
standing of hydrochemlcHl transport processes and 
is expected to pursue a vigorous research program 
in environmental aqueous geochemistry In con- 
junction with other scientific disciplines. Applications 
with complete curriculum vitae, including a list of 
publications, a brief statement of research interests, 
and the names of three individuals whom we may 
contact for references, should be sent to Georgs M. 
Homberger, Department of Environmental Sciences, 
Clark Hall, University of Virginia. Charlottesville, VA 
22903. Closing date tor applications February 1. 
1861. 

The UnlverBlly of Virginia Is an equal opportunity/ 
affirmative action employer. 


Assistant Profssssrshlp/Dsparlmsntof 
Physios, University of Mlnnssota. Wa ex- 
pect to fill a (enure (rack posHlon at the assistant pro- 
fessor level during ihe next Iwo years. Priority will be 
given to candidates In space physics. Applicants will 
be judged in terms of their promise tor outstanding 
scholarship In their research btbbb, promise for ex- 
cellence In teaching, and the relationship of their re- 
search programs to programs of ihe department. 

Candidates should send a resume, bibliography, 
and statement of research Interests to: 

Professor Waller Weyhmann, Head 
Department of Physics 
University of Mlnnssota 
1 16 Church Sfreet, S.E. 

Minneapolis, Minnesota 55465 

The candidate should arrange to have at least 
three letters of recommendation Bent directly to ihe 
above address. The deadline tor receipt of aS materi- 
al Is February 1, 1980. 

The University of Minnesota Ib an equal opportu- 
nity educator and employer. The University specifi- 
cally invites and encourages applications from wom- 
an and minorities. 


Soil Solontlat/Hydrologlat. Soil soientlsbhy- 
drologlst to begin September 1. 1981 tor a tenure 
track faculty position to teach undergraduate courses 
In soB science, hydrology, and Introductory environ- 
mental science on a rotating schedule. Candidates 
wlf be expected to conduct research and supervise 
undergraduate research projects in so la/ hydro bgy 
at a satellite oampuB In Chazy, NY. Ph.D preferred. 
Preference WH be given to oan^datea demonstrating 
an Interest In Involving undergraduates in local re- 
search. Applicants with degrees in the toresl sci- 
ences or agricultural engineering with the above 
qualifications will also be considered. Send resume 
and three tetters of reference by February 20, 1061 
to Dr. dartres C. Dawson, Director, InaUtute for Man 
and Environment. 8|ate University of New York 
Plattsburgh, NY 12901 . (518) 584-2178. ■ 

Equal opportunlty/afflrmattve action employer. ,• . 


Virginia Polytechnic IruUtute and Slat*: 
University. Igneous Petrology and Geoohemta- ■; 
try/Research Associate. Origin and tectonic signifi- 
cance of grenltlo rocks. Project involves petrography, 
analytic chemistry, mineral ohemfytty, teoippfc aton- 
ies, and field mapping, Send resumes to: 

' D-R WWies, Chairman \ r 
. . Department Of Geological Science# , 


Meteorologists and Hydrologist s/Saudl 
Arabia. The School of Ronowable Natural Re- 
sources, University of Arliona. Invites applicants far 
assignment t • faculty mombors to thB Institute of 
Meteorology b.id Arid Land Studies. King Abdulnziz 
University, jBddah, Saudi Arabia. One year, renew- 
able positions in meteorology and hydrology are 
available. 

1 . Ph.D. in meteorology wrih experience In under- 
graduate teaching and research Curriculum in- 
cludes coursos In meteorological insliumonis and 
methods of obsorvallon. dynamic moloorology. sy- 
noptic meteorology, physical meteorology, and cll- 
mntotogy. 

2. M.S. In meteorology with practical ox per renco 
In meteorolOBic operations and undergraduate 
leaching. Knowledge of WMO procedures. 

3. Ph.D. In a hydrologic science or engineering 
with experience in undergraduate teaching and in re- 
search Major emphasis will bo m Ihe areas of sur- 
face and groundwater development, water manage- 
ment in an arid environment and in evaluating tho 
hydrologic eftecls of development. 

Description: ThB project is funded by tho Saudi 
Arabian government ihroughtho U.S. -Saudi Arabian 
Joint Commission an Economic Cooperation Admin- 
istration and logisirc support is providod by tho U S 
Treasury Department, while ihe program's Imple- 
mentation is by n contract with the Consortium lor 
International Development Tho goal ol Ihe project is 
lo undertake technical cooperation to develop edu- 
cational programs for meteorology, hydrology, arid 
land studies and environmental protection 

Salaries and allowances Highly competrtive with 
25 q o overseas adjustment, housing, cat and other al- 
lowances 

Availability February 1. 1981. or soon Ihareattor 
lor spring semester: September 20. 1981. tor fall se- 
mester. (nil fat appointment of one year or more con- 
tingent on performance. 

Closing date January 15. 1981 tor spring semes- 
ter; February 15 tor fall semester. 

Application. The application should include the fal- 
lowing. (a) a letter detailing principal qualilicattons 
and interests. (0) a curriculum vita (c) name, ad- 
dress and telephone numbers ol three references. 
Send to Martin M. Fogel. Director. CID/KIng Abdula- 
zlz University Project, 31 7A Anthropology Building. 
University ol Arizona. Tucson, AZ 85721, Telephone 
(602)826-5344/2989. 

EEO/AA employer. 


University of New Orleans/Qaophysl- 
dat. Applications are invited for a permanent fac- 
ulty position commencing August 1681. In explora- 
tion geophysics. The Ph.D. or equivalent experience 
Is required. 

Appointee will be expected lo teach graduate and 
undergraduate courses In geophysics and general 
geology, conduct a program of research, supervise 
theses and oversea a program In geophysics. The 
position will be at the assistant professor level or 
higher depending on background. Applications are 
encouraged from IndfvtdualB with todualrfal experi- 
ence, Including recent retirees. 

Applicants should sand a letter outlining interest In 
position, complete resume, and threa letters ol rec- 
ommendation to Dr. Gordon Frey, Department of 
Earth Sciences, Lake Front, University of New Or- 
leans, New Orleans, LA 70 1 22. 

UNO Is an equal opportuntty/alflmnalive action em- 
ployer. Applcallons from minority groups era specifi- 
cally Invited. 


l^« w .^par1me ^, 0 f Geosciences, Purdue • • 1 Virginia Pol/. In$t. and SLUrtv. ■ 

^& , Jf , ^ 8W8 ' W 47007. . -« •. : Blacka&urg , - 

80 opporttioiiy/ofllrma/ . " • Tfie.UnfirersIty'te ap.affJ^ 0P**oritaol^^ IfinritalNre ;• 

***** •’ • •• . 1 . t ' • action emtfbver. V-Vf’VV. I . *•' 


Ocean Dynamic! at. An academic position 
(tenure-earning track) tor an ocean dynamiciil is 
presently available In the Department of 
Oceanography, Naval Postgraduate School 
(NAVPGSCQL). Present or lAlmate research 
interest In area of naval oceanographic concern is 
desirable. Such areas include: ocean clfcuteiion 
modeling, especialy prognostication on Iho oceanic 
synoptic scale; surface and internal gravity wave 
dynamics; synoptic analysis of oceanic data; and 
acoustical oceanography. The candidate should be 
wDItog and able to teaoh a variety of graduate 
courses in physical oceanography and related 
topics, The NAVPQSCOL has excellent computer, 
data archival, library, and research vessel tacBMtea. 

The Department of Oceanography has close 
reiqilons with tire Fleet Numerical Oceanography 
.Canter, Nbv&I Environmental Prediction Facitty, and 
the Naval Laboratories. The department hae a 
faculty of fifteen and a student body of 80 to IOO. The 
overall emphasis is ocean preddion with present ' 
faculty and student research in coastal ocean, polar 
ocean, and ^Ir-sea Interaction processes. The 
academic and research programs am conducted in 
dose edlaboraHon with the pepartmenta of ' . 

. Meteorology Bnd Physkis. Sattoy wMt be determined 
byquaHtowMqnaof the successful candidate. By 
January 1 1f posable, sand a curriculum vitae, the 
names and addresses of three references, and a 
slatament of research end instructional Interests to: 
pacufty Search Committee, Department of 
Oceanography, Naval Postgraduate School,- , 
Montetay. CA93940. Vteitsb/topcaruJidataa wW be • 
scheduled soon after. Adectetonwlfibesttemptedby - 
March 1 and the poalttbn should be occupied by 
atiout Jiine 1, 1981. 

. - The Naval Postgraduate 8c hoot la an squat 


RsMirsh Faculty Position. A faculty position 
at tho research assistant professor level wtu bo 
available at the Departmont of Geology. University of 
Miami from August 15, 1981 (this position will 
become a lonure -track position on August 1. 1982). 

Minimum qualification s aio a Ph D. in Ihe 
geological sciences, a Hair for teaching, and strong 
research Into rests as proved in publicalkms 
Areas of spocintizalion [one or mare ol iho 
fallowing), geochemistry, economic, mineralogy, 
petrology. 

Instrumontnlion available at tho department, 
mass spectrometers tor l3 C/ ,? C nnd ,s O.’ ,fl O 

annlyste 

moss spectrometers lor rare gas nnelysis C ,0 K' 
4D Ar dating) 

a fully equip pod rndtocnrbon laboratory with 
scintillation counting 
atomic absorption unite 
thermo luminescence unit 
video-taping and microcomputer systems 
reck ihln-aectioning laboratory, petrographic 
mlcrObCopos, storeomicro scopes, etc 
Preference will be gluon lo candidates who would 
bo advoniagod by Iho availability of Iho equipment 
listed abovo far tho^rown research 
Address inquiries lo 
CesaioEmilinni 
Chmrman, Search Committee 
Department of Geology 
Univoisily of Miami 
PO Bo» 249176 
Univei&ny of Miami Branch 
Coral Gables. Florida 33124 
■el (305) 284-4253 

The University ol Miami is a private, independent, 
international university 
An equal opportunity employer 


Associate Dirac lory Marine Science Insti- 
tute. The Universilyol Texas al Auslm seeks lo fill 
thB open position of associate director of the Marino 
Science Institute The associate director is respon- 
sible tor research and Inietiec mat leadership of the 
Institute's Galveston Geophysics Laboratory The 
positron carries the line responsibility of senior ad- 
ministrator for the Galveston Geophysics Laboratory 
Dulles include research planning and management, 
fiscal monitoring and budgeting, personnel review 
and assignment, coordination of scientific programs 
and shop operations, administrative supervision, liai- 
son with industrial and agency sponsors, representa- 
tion and other directorship duties 

The Galveston Geophysics Laboratory maintains 
modem computing facilities, rasearchlaboratories. 
and two deep-ocean research vessels, lha ft V Fred 
Moore and the ft V Ida Green. Research at Galves- 
ton includes programs In marine geophysics, marine 
geology, solid earth gaophy sics, earthquake and ex- 
tra-terrestrial seismology, and instrument systems 
design, both basic and applied. 

Applicante are asked lo send the to! lowing: 

(1) Vila— including (1st ol publications. 

(2) Brief statement on currant research and 

support. 

(3) Brief statement on administrative experi- 
ence. 

(4) Brief statement on teaching experience. 

(5) Name sol six persons who may be con- 
tacted tor personal and professional recant- 
mandattona. 

A totter of application and the above requested in- 
formation should be sent to: 

Dr. J. Robert Moore, Director 
Marine Science Institute 
University of Texas 
P.O. Box 7899. University Station 
Austin, Texes 78712 

Salary based on qualifications. Ph.D. required. 

The successful candidate will also be considered for 
tenure appointment in lha Department of Marine 
Studies. Position to be (Hied ea soon as passible. 
Early apphcaiton ed vised Position faceted In Galves- 
ton. Texas 

An equal oppoduniiy/atfirmalive action emptoyor. 


opportunity employer. 


Sedimentary or Low Temperature Q ao- 
ahemlst. This to an assistant professor, tenure 
track position, although exceptional candid alee ot 
higher rank win be considered. We are looking (or a 
geochemist to oompiament our strong programs in 
aedtowntotogy, hydrogeology, organic geochemis- 
try, and basin analysis. The teaching toad is three 
courses per year— one beginning level geology . 
course, an upper level geochemistry course, and a 

graduate oouree of tiia/har choosing, fnirothrctory ge- 
ology and. summer field camp are also taught on a 
fghg-torm relating baste. A weH-aquipped laboratory 
and computer facBuea are available. The potential 
exists both lor outside funding and tor cooperative 
research. 

Tto iixxte&sfai cBhdMato wiH be expected locOn- : ' 
duct an active research program leading to puto- 
Beat Iona. AppRcants should submit a teller of spoil- 
’ cation, resume, a copy of each transcript, and have : 
three supporting tetters Bent to: - 

: Chafnnah ;• | ! . • - • 

• UnlrerBlty^fMtesour?^ 

• tioliimble, Missouri $62i i . 

The Urilya ratty df Missouri I9 an equal drnptoymArii 1 ■ 
opportunity employer. J ' 


' 1.;.^ 
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fluQura«JOiiniial aeologUi. Tho University 
oi P.iiaburnti at Bradford will have a tonuro track 
opening (or a ravauica or gonorel geologist in Sep- 
t amber. 19&1. This now position vriH sotvo on estab- 
lished lwa-y ear program in petroleum technology 
and a now. gootngy -based, tour-yon r program In on- 
vironmnntat cooncas. Ranh and Eatery ora noga- 
(i.iblo Tho candidate will tree* ported to tench ufi 
troductory oir photograph iniarprolntion nnd al toast 
some of the following courses tn tho earth nnd onvr- 
ronmonlfll sconce 9 program: slruciurol geology, 
fibatigtaphy. ww'omic geology, coal geology. to ad- 
dition. tho candidate will toach cdursos in ihe petro- 
leum technology program that ero comp Ad hie with 
his or her sVitia. A Pn D. and sumo experience are 
preferred, but applicants with otherqualilicaitons will 
bo considered Preference will to give n to those wilh 
petroleum industry experience. 

Bradford is located in I he Allegheny Mountains in 
on area rich in natural and recreational resources. 
Please send resume and three letters ol reference to 
Carl Burgchaidt. University of Pittsburgh at Bradford. 
Bradford. PA 1970 1 

The University of Pittsburgh is an equal opportu- 
nity. 'affirmative action employer 


Graduate Astls fantthlpt/Physloa and 
Astronomy, (iMihiniv rostiatch a^sislnM- 
MiipsamJ touching jsoistnnlsfiips mi Ifio Popart- 
n>en> o> Ptiysicsnntl Aelronumyoi tho University 
nl Ioa.i o'o available lo woll-quAiJicrf students 
The diipurinioni bar, vigorous n: so arc ft 
programs in space physics, plarma physics. 
ncou'-i'Cs. astronomy, astrophysics. atomic 
phyoicri.vlomeiilnry particle phy&rcs. laser 
physics, nuclear phyrucc. arm SQitrt stale phys- 
ics Avtiistar>lshipst:.inncgniiii June. August. or 
January Please ad dross your inquiry lo Depart- 
ment of Physics anil AMrnrioniy.Thf? University 
oMowJ.Juw.tCily, I A ft? 2-1? 


Ixpl oration a aoyriiy ale s/Uitlver ally of Okla- 
homa. As pan ol a R yaw pun o( dcvetopnwrt 
ano expansion, the School niGootogy and Goophys- 
C5 rt km king fora person to fern the nucleus of an 
Bipk>»ni>on goophyscs group APh 0 in geophysics 
is required, end preference wilfto given io someono 
whose teaching and research interests ato miheoc- 
qu.siixjn, processing. nndo> mteiprotationof soumic 
daij Present equipment includes a buck -mo wiled 
ihvmpor energy source, capable* panel ratings 
ki^mpterornvoreulrock. a portable. 12-cMnnoi 
smsm o recording syslom.gr avmolflrs. rnagnelome- 
fe'S. no electrical iqvstiMty unit.m-nouso nv-n 
Computers. on d femur ate 10 mo University 9 IOM J7G 
system A geoptiys-c.il observatory supports re- 
'je.uch n< solid earth geophysics, and tho eiptoMlen 
g^i?phvs*c isf woufewpik cios«V wJh tho iocIoiks- 
sci ■>« *>m geophysics group 
Appicaiions are due February 15. 1981 Salary is 
competitive with industrial standards Inquiries and 
arcital-ons shou'dtoo sent to Johi W<ckhan> finer- 
tor. School ol Geology and Geophysics. University at 
Oklahoma. Worm an, OK 73019 
The University Ql Oklahoma does nnt d.5Ct«n.nate 
onlheba3>solra£4o> se« and ia an equal ocpoiiu 
n-ry employer 


Synoptic/ Dyn ami a Meteorology. 

Desenption The Ooophys^sl institute and Di- 
vlscn of Geoscwnces. University ol Alaska, mvito 
appicaiions irom quailed sc«ni«t9 far a full-time 
(tZmorih) tacufy posit-on at the Assistant or Associ- 
afe Professor level The successful candi dale will be 
expected to prepare and submit research proposals 
to eitsmai agercte s and to work cooperatively with 
ongoing research programs Ha she will be also ex- 
pected to teach occasional courses In synopufcidy- 
namic meteorology at the upper division and gradu- 
ate tewte 

Qualifications PM>. in meteoretogy. Research 
experence in advanced analysis and diagnostic 
sHxfeesof global- seals meteorological processes Is 
assent aj. preferably over the hit height of the atmo- 
sphere (0-1 00 km) Pre toreflcerwiiba given to appli- 
cants who esnuttiiethsir expertise in synoplicfdy- 
name meteorology to synthesize (he results of vari- 
ous ongoing research projects n iresoscale and 
twge- acate meteorology, cloud physics, radiation, 
■erenortry. and space ptryscs etfe a baiter under- 
stantkig ol the large-scale meteorology of the North 
factfic and polar regions. Teechng experience al 
the undergraduate and graduatetevets is desirable. 

Safety Upward to *34.800 (Ami. prof ) or 
S43.300 (Assoc Prof.) per year, dependent upon 
qualifications and experience 

carens For fwther informal on . including 
recent annual research report, write lo Director, Geo- 
pfryscal rnst.tut*. Un.versity of Alaska. Fairbanks, 
AK99 rat Closing dale for applications « February 
29. toat 

The Un;vers.ty of Alaska is an equal oppanunrtyr 
a*rm3t.vw action employer 


AGU 


Sedimentary Petrolbglsf- The Geology Da- 
parimenl si Ihe University of Vermont Is seeking a 
sedimenlary pelrolofllsl for a tenure track position at 
iho assistant professor level. Research and teaching 
specializations should to In classic sedimentary pe- 
Irology with potential ancillary Interests in petroleum 
geology, geomorphology. and hydrology. It Is ex- 
pected that the successful candidate will establish 0 
fiofd-orlontod research program which Includes su- 
pervision of graduato (M.S ) andundorgraduata stu- 
dents. A Ph D Is required and teaching mpertenca is 
highly dosirsbfe . Tha Geology Department at the 
University of Vermont is a seven membor depart- 
ment having an M.S. program and a definite com- 
milment to excellence In undeigtaduate education. 
Applications will be accepted until April f. 1091 ■ 

Card Wales should send a resume and arrange for 
three letters of reference lobe sent to 
John C. Drake 
Acting Chairman 
Department of Geology 
UnlveiaRyofVermonf 
Burlington. Vermont 05405 
The University of Vermont Is an equal opportunity • 
afllrmallvo action employer. 


Faoully Position. The Dopadment of Geology 
of the University of New Mexico seeks appSteaftta for 
a position in cfay mineralogy, low-temperature geo- 
chemfeiry, carbonate petrology, or economic geol- 
ogy. The appointment maybe al the assistant, asso- 
ciate or full professor level contingent on approval of 
funding from ihe university. The Individual must be 
strongly committed to leaching el both the under- 
graduate end graduate levels. In addition, he or she 
wM be expected to develop t vigorous research pro- 
gram (n his or her Hold of specialty and will bo ex- 
ported 10 supervise graduate students at the M.S. 
and Ph.D. levels. The closing date tor application la 
April 1 5. 1991 . Applicants should sond a resume, un- 
dergraduate and graduato transcripts, Ihroo tellers of 
roferenco, and a brief dlscusslonof research inter- 
ests to Rodney C Ewing. Chairman, Department of 
Qoatogy, Unfearstly of Now Mexico, 87131. 

Tho Unlvorslty of New Mexico is an equal apportu- 
nily/aftirmalive action employer. 


Geophyslo s Research Associate. Weston 
Observatory cl Boston College seeks MS In geo- 
physics (doctorate work desirable), familiarity with 
lime and frequency domain analytical techniques 
and knowledge of FORTRAN programming. Oppor- 
tunity for Independent research along with assigned 
responsibilities relating to New England solsmlo net- 
work. Salary to $20,000 depending on quallllcsllona 
and excoikml banofils. Send letter and resume to 
Disnno Rogers, Associate Oiroctorol Personnel, 
Boston Colleger. 1 40 Commonwealth Avenue, Chest- 
nut Hill. MA 02107. 

An equal opportunity/ affirmative action employer . 


□rexel University/ Atmospheric Scientist, 
Three tenure (rack faculty positions are anticipated 
starting fall 1091 Applications are solicited from 
Ph.D s with independent research experience tn one 
of (he following areas of atmospheric science: gen- 
eral circulation; dimate dynamics with application in 
satellite meteorology; aimosphortc optics, experi- 
mental or theoretical with emphasis in mesoscale 
probing; boundary layer turbulence modeling and at- 
mospheric chemistry modeling. Rank and salary 
commensurate with experience. Sand resume and 
references to Dr. William W. Etdscn. Head. Depart- 
ment of Physics and Atmospheric Science. Drexel • 
University. Philadelphia. PA 19104. 

An equal opportunity/ affirmative action employer. 


Program AUnager/Malearology, Oceano- 
graphic Services. Inc., la seeking qualified ap- 
plicants for Ihe position of program manager for 
meteorological studies. Applicants should have an 
M.S. or Ph D. In meteorology or atmospheric 
sciences, plus experience In the Held. A brood 
general knowledge ol air poffutfon, and an un- 
derstanding of the air pollution regulatory environ- 
ment. is helpful. Interested persons should send re- 
sume. references, end salary history to R. C. Banks, 
Oceanographic Services. Inc., 25 Castilian Drive, 
Gofela,CA93ll7. 


Researeh Plasma Physicist. Berkeley Schol- 
ars, fnc has opening In D.C. area. Must be eligible 
for Ph.D. in plasma physics with specialization in and 
abstracts presented on theory and numerical simuta- 
tionol magnetic shear effects on ^stability phenom- 
ena os applied to ionospheric and magnetospherlc 
problems 1 yr. work experience to Ihe field Is re- 
quired Salary is 320.000 per yr. . 40 hrs. per wk. 
Send resume directly lo Berkeley Scholars. Inc., 

P-0. Box 963. Berkeley. CA 94701 . 

AnAA/EOE. 



RESEARCH 
OCEANOGRAPHER 


The Radar and Optics Division of ERIM requires 
a Radar Oceanographer, preferably at the PhD level, 
to function as head of the Oceanographic Meas- 
urements and Analysis Group of the EM Meas- 
urements Department. Experience as an Oceanog- 
rapher including EM measurements of oceano- 
graphic phenomena is required. Experience in the 
management of research programs is desirable. Can- 
didates should have knowledge of EM remote sensor 
systems and techniques. The EM Measurements 
Department conducts research programs to apply 
EM measurements techniques to oceanographic 
problems. 


ERIM, a non-profit corporation, Is a center of re- 
search and development on sophisticated sensors 
and data processing techniques used by the Depart- 
ment of Defense and other agencies engaged In 
remote sensing. 

ERIM is located adjacent to the campus of The Uni- 
versity of Michigan in Ann Arbor. The Ann Arbor area 
has exceptional academic, cultural, entertainment 
and recreational opportunities. 


Send your resume and salary requirements in 
confidence to John J. Malik. U.S. citizenship is 

required ERIM 

P.O. Box 8618 
Ann Arbor, Michigan 4B107 

An equal opportunity employer. 


Qumm Collage. Position for 1 -2 years as sab- 
batical replacement starts September 1981 . Special- 
ties requested: geochemistry (organic, environmen- 
tal. or exploration); exploration geophysics; 
groundwater geology. A Ph 0. required. Applications 
should Include o.v. and three references. Sand to * 
0. H. Spefdel. Department of Earth and Environ- 
mental Sciences, Flushing, NY 11307. 

Queens College is an affirmative action/aqual op- 
portunity employer. 


Geophysics, University of South Carolina, Columbia. 
SC 29208. Closing date tor this announcement Is 
March 15, 1981. 

The University ol South Carolina is an affirmative 
aclton/equal opportunity employer. 


QeophyslelaUUnl versify of South Caroli- 
ne. The University ol South Carolina anticipates a 
new faculty appointment in geophysics ior 1981, 
subject to adequate legislative funding. We are espe- 
cially Interested in Individuals who have expertise In 
the rtefds of exploration geophysics, seismic inter- 
pretation. or solid earth geophysics. This would be a 
8-monlh, tenure track position al the assistant or as- 
sociate professor level, beginning August 1981 . 
Some start-up funds are available for major equip- 
ment purchases. The Individual who RUs (hie position 
would {oto the growing geophysical component of the 
Geology Department, which currently emphasizes 
seismology. reQtonal tectonics, and palaomagnellcs, 
and would develop an aggressive research program 
In his or her specialty. 

Please send vitae end names and phone numbers 
of three Individuals we may contact for references to 
WHIard S. Moore, Chairman. Search Committee for 


Selentiete/Meleeroloalete/Ritglneere. 

Science Systems and Applications. Inc.. (S5AI) 
haa positions for programmers, analysts, scientists 
and engineers to engage In scientific modeling 
and date analysis activities tn tha areas of: 1. 
Plasms/tonospheilc physios theoretical simulations 
2. Atmospherlc/oceanlc science# 3. Remote sensing 
& radiative tranafer/scalterlng studies 4. Satellite 
data analysis 5. Weather/cllmate & severe storms 
studies 6. Atmospherlc/fluld dynamics 7. Solar and 
planetary physics and astronomy B. Computer Image 
processing and systems displayed System soft- 
wara/hardware engineering 1 0. Nuofear f ualon/fls- 
alon and \ 1 . Applied mathematics. These positions 
Involve working with NASA/ NOAA/N AVY scientists 
In metropolitan, Washington, D.C. area. A strong 
background In numerical simulations, and experi- 
ence In working with large scale computers te re- 
quired lor entry level to senior scfentlsl/englneer po- 
sitions. S6AI provides a congenial acedemlo envi- 
ronment, pays liberal fringe benefits and awards 
bonuses to Ha employees. Please send your resume 
with salary history and references to Science Sys- 
tems and Applications lno„ The Aerospace BuJtdfng, 
Suite 140, 10210 Gieenbelt Road, Seabrook, MD 
20001. 


Meetings 


Recent Earthquakes Symposium 


A call for papers for the symposium 1 Reports of Recent 
Earthquakes' has been made by Zlro Suzuki, second vice 
president of IASPEI. The symposium will bs held July 22, as 
a part of lASPEl’a 21 st General Assembly, at the University 
of Western Ontario in London, Ontario. 

Abstract forms are available from Suzuki at the Geophysi- 
cal Institute, Tohoku University, Sendai 9B0, Japan. 

Requests lor the forms should Include author name and ad- 
dress, tentative paper title, and name, place, and time of the 
earthquake to be reported. Completed abstract forms should 
be mailed by March 1 to A. E. Beck, Department of Geophys- 
ics, University of Western Ontario, London, Ontario NBA 5B7, 
Canada. A copy should be sent (o Suzuki. Some deadline 
flexibility will be allowed, but authors should receive per- 
mission from the committee. Papers on earthquakes that oc- 
curred during the second half of 1 980 can be accepted after 
March 1. 

Time restricts the number of papers on each earthquake to 
two. Review papers rather than personal studies are pre- 
ferred. S 


European Geophysical Meeting 

A call for papers has been Issued for the Eighth Annual 
European Geophysical Society Meeting, scheduled for Au- 
gust 24-29 In Uppsala, Sweden. Abstracts— one original and 
two copies— should be sent to K. M. Storetvedt, Chairman 
Program Committee, Institute of Geophysics, University of 
Bergen, Allfigt. 70, N-5014 Bergen University, Norway. 
Deadline tor receipt of abstracts Is June 1 . 

In addition to 1 3 symposia, one workshop, and an excur- 
sion to a meteor-impact structure, there will be two society 
lectures. H- Alfvdn of Stockholm will speak on plasmas In the 
cosmos and the laboratory, and H. Moritz of Graz will give a 
lecture entitled 'The Figure of the Earth.' 

Applications for travel awards for young scientists are due 
March 31. Forms can be obtained from the EGS General 
Secretary, 6 Carlton House Terrace, London SW1 Y5AG. 

More information about the meeting, which will run simulta- 
neously with the Uppsala Caledonlde Symposium, can be 
provided by the Local Organizing Committee. C.-E. Lund. 
Chairman, Box 556, S-75122, Uppsala. Sweden. $ 


Hydrometeorology Session 


The 15th Annual Congress and Annual Meeting of the Ca- 
nadian Meteorological and Oceanographic Society (CMOS) 
will be held at the University of Saskatchewan, Saskatoon, 
Saskatchewan, on May 27-29. The focus of the Congress 
will be hydrometeorology; scheduled are sessions on waves 
and tides, drought management, the Canadian Climate Pro- 
gram, environmental assessment, stratospheric dynamics, 
(emote sensing, and polluted precipitation. In addition, ses- 
sions on air-pollution meteorology, sponsored by a CMOS 
special Interest group, will be conducted concurrently. 

Authors wishing to present papers at the congress or at the 
special air-pollution sessions should submit abstracts of few- 
er than 300 words by February 1 . Address all correspon- 
dence to Barry Goodison, Hydrometeorology Division, Atmo- 
spheric Environment Service, 4905 Dufferin Street, Downs- 
vfew, Ontario M3H 5T4 (call 41 6-667-491 4). Authors should 
indicate In which session they wish to be Included. 88 


California Mining Association 


California’s minerals Industry and Its Impact on the nation 
w«l be the focus of the 1981 California Mining Association 
Annual Meeting In San Diego, March 5 -7. 

Technical aspects of California mining and political prob- 
«ms which concern the Industry will be emphasized. More 
nan 200 representatives from major Industrial mining firms In 
ms slate are expected to attend. 
negiBtratfon is $75 per person; spouse registration Is free, 
or additional Information contact the association at P.O. Box 
J. Jackson, California 95642 , or call (209) 223-1 1 29. 88 


Stephen J. Burges— Now WRR Editor 


Tho tower ol Babel syndrome’ is ihe most Important prob- 
lem facing water-rosources researchers, says Stephen J. 
Burges, the new coeditor for hydrology and physical, chem- 
ical, and biological sciences for Water Resources Research 
(WRRj. Burgas was appointed to a 4-year term which began 
November i . He succeeds R Allan Freeze. 

Specialized research that lacks a sense of connection to 
other aspects of hydrology characterizes the syndrome, 
Burges explained. He traces this scattering of Interests back 
to 1966 with Ihe evolution’ ol the third-generation computer. 

To help add coherence to WRR s coverage of hydrology, 
Burges plans some changes. With the addition of lour associ- 
ate editors, the breadth of topics will be increased lo include 
ecological modeling. Sedmenis. and predpHailon. In add!- 
hi*.. OutgeswiS ask authors lo explain In a paragraph at Ihe 
begwiing of their papers how Ihe research relates to other 
fwrte^resources problems. Authors also wH| be requested to , 
rdenirty the status ol research described In ihe paper, and to 
stetociearly whose work or computer models the research . ! ' 


Burges said that he and coedllor Jared Cohon hope to 
wit h^heM^eteg balanCe °* l0p!cS and ,0 ,ncreB8s readership 

Undor Burges, ihe associate editors will continue to play a 
major role In choosing reviewers and In maintaining Ihe high 
standards ol WRR; the basic management style used by 
Freeze has been found to be effective. In addition, Burges 
pfan9 to continue to solicit appropriate review articles lo add 
bafarwe to WRR. Freeze Initialed solicitation of these arti- 
cles; Burges and Cohon plan to coordinate their selection ol 
review topics to bring the two major divisions of WRR closer 
togelher. 

Foilwring completion of his Ph.D. In civil engineering at 

^ ?2™u? UrQ v 8 io,ned ,h0 Un(v «relty of Washington faculty 
In 1970. His underoraduntfl rltvirafio / nhuoUa 



J 


JS Hls undergraduate degrees (physics, mathematics, 
and civil engineering) were taken at the University of New- 
castle. Australia, His research and teaching have focused on 
the appUcalion of systematic approaches to analysis and de- 

t?^5^r c6s sys ' arn5, w,,h in emphas ' 3 ° n ^ 


‘At hearty I'm a civil engineer/ Burges said. 'I also tike using 
eystemptfo approach to problem solving/ 8u^ce water- / - 


storage reservoirs dominate his Interests: He said that W' 
aiso.lntrlgued by urban water problems, Including large-8® 
systems arid flood/drought research. He views stochastic 
drotogy as an essential tool tor the future. ‘We heed a meth®! 
to determine reliability of Water systems.' . < s 

, , Burges said he looks forward to working closely with 
non and malritajnlhg tha high standards set by previous edfe 
tors. Burges noted. that thfey are indebted to Freeze fprhisjj 

il Li . 1 ' i . i .. ii I'Ll— Ailhri 
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Qaodetfe Networks and Computations 

international symposium on geodetic networks and 
^puiabona will be held In Munich, August 31 to September 
«' ® symposium, sponsored by the International Assocla- 

<> . ^60d83V. Will ialfA nlnro at fhn RAVArian Acadamv of 

sciences. 


■say, will take place at the Bavarian Academy of 
-SS-J 0 be covered at the symposium Include objectives 

yoOdetlc networks Qtah ie rannrfo and future nlans: ODtl- 


IASPEI Workshop: Seismic Modeling 
of Laterally Varying Structures 


During the past 10 years, significant progress has been 
made in the methods of collection and analysis of seismic 
reflection and refraction data. This progress has led lo the 
development of new models lor the structure and composi- 
tion of the earth's crust, based on sophisticated analysis of 
numerous profiles In many areas of geologic importance. The 
third trlannual meeting of the IASPEI (International Asso- 
ciation of Seismology and Physics of the Earth’s Interior) 
Commission of Controlled Source Seismology was con- 
vened In Park City, Utah, on August 1 1 -1 7, 1 980, to 
bring together seismologists and geologists to explore 
and assess the progress of controlled source techniques 
(controlled sources include explosions, air guns, and 
Vibrosels-type sources), and to evaluate Its significance 
In terms of current models of the seismic velocity struc- 
ture and composition of the crust and upper mantle. Par- 
ticular attention was paid to tha progress and problems In the 
modeling of two- and three-dimensional structures. 

The Park City location of the conference was ideal for the 
contemplation of the complex structures that we are pres- 
ently attempting to model. The effects on the crust of the ac- 
tion of tectonic forces were easily discernible from the air dur- 
ing the approach to the Salt Lake City airport, and on the 
ground during the Held trip into the Wasatch Mountains led by 
R. B. Smith of the University oi Utah. 

Two and one half days of the 5-day conference were used 
to discuss different Interpretations of the seismic refraction 
data collected in Saudi Arabia by the U.S. Geological Survey 
In 1 978 [Blank et al., 1 979; Lamson and Leone, 1 979| . 

The format of this portion of the meeting was unlike most 
other scientific workshops. The complete refraction data 
set had been distributed to the participants well in advance 
of the meeting, giving each seismologist (or team oi seis- 
mologists) time to thoughtfully analyze the same data. 

The use of a common data base allowed for a kind of 
in-depth examination of issues of interpretation that is 
not possible in traditional workshops which are based on di- 
verse data sets. 

A discussion of Ihe geologic framework of Saudi Arabia 
and the southeastern Red Sea was particularly pertinent be- 
cause all proper seismic Interpretations are constrained by 
the known surface geology. (The geologic map of Saudi 
Arabia was distributed to all participants along with the seis- 
mic data set.) The discussions began with an introduction to 
the geologic problems of Saudi Arabia by H. R. Blank and an 
outline of the planning and goals of the 900-km-long refrac- 
tion profile (see the figure, part A) by M. Q. Assad. This was 
followed by a series of speakers who explained their team's 
Interpretation of the data and the methods that they used lo 
derive velocity-depth structures. In the course of these pre- 
sentations it became evident that the main source of dif- 
ferences In the final models is the phase correlation of tha 
data. Tha term 'phase correlation' refers to the process of 
Identifying, within a seismic record section, those arrivals 
which refract or reflect from the same feature (or portion) of 
the crustal or mantle velocity structure. For example, the 
phase P refracts in the middle crust, while PmP reflects from 
the M discontinuity. A knowledge of the expected amplitude 
and frequency of a particular phase, based on experience 
and theoretical considerations, facilitates its correlation In the 
record section, but the complexity of Ihe typically observed 
wave field leads to a degree of subjectivity in the inter- 
pretation of the phases. Given Identical phase correlations, 
different methods of travel time and amplitude analysis of 
these phases will produce nearly the same result. Con- 
versely, different correlations will result In markedly divergent 
models. These points can be appreciated from the com- 
parison of the models of the Arabian shield (see figure, part 


mai riooi : networ *<s 1 status reports, and future plans; optl- 
soa wTi u 01 0eodetlc networks; network analysis models; 
Izontni ,^ U0S f° r terrestrial networks; combination of hor- 
prohiom. 1 0 I* ancl gravity networks; and computational 
For c ' a3s * ca l and noncla89lcai adjustment models. 
Daw ^formation and registration forms, write to 

dervvio ^fo&tlsche Kommlsslon. Bayerischen Akademle. 
88en schaften, Marstallplatz 8, D-8000 Munohen.22. 88 


^ l * 0w ®h«mlstrys Call for Papers 

S^ a i! fo [ ^Pers has been Issued for the 38th Eastern 
vdk a 0nferQnce ' scheduled tor June 4-5 In Syracuse, New ' 
,a| l chemistry 31 se88lpn ^ ^eltlori snowppekand spoW: 

wishing to present a paber should sbbmlt an ab- 
Ch^!r r P, F0brUar Y't5 to Barry E. Gbodlson, Program v 
fonrnom! H y d rorheteorblogy. Division; Atmospheric Eriyf- 
Servlca.' '4&n£hiiihrtn fiMnof nnuunsvlaw. Ontarli 


B) to those of the Red Sea-continent transition (see figure, 
partC). For the most part, the teams of Interpreters agreed 
on the phase correlation of the profiles between shot points 1 
and 5 (see figure), and the resultant models reflect this 
agreement. However, Ihe correlations and interpretations of 
(he data crossing the Red Sea-continent transition were di- 
verse, which ultimately led to quite different models for that 
region (sea figure, part C). 

A few highlights of Ihe mealing on the interpretation of the 
Saudi Arabian refraction data are summarized below. These 
lew impressions do not completely characterize ihe great 
amount of Interpretive skill brought to bear on the data and 
the lively and constructive discussion that ensued. 

(1 ) The upper crust (21 km thick) of the shield has a near- 
surface velocity of 6.1 km/s and, in most regions, a positive 
velocity gradient of 0.01 -0.02 km/s/km. Low velocity zones 
may be present in some regions. 

(2) The lower crust (19 km thick) of the shield is separated 
from the upper crust by a seismic discontinuity or smooth 
transition of 0.2-0. 4 km/s. The average velocity of the lower 
crust is about 6.7 km/s. 

(3) The M discontinuity Is probably a transition zone 2-5 
km thick and occurs al a nearly constant deplh ol about 40 
km. Uppermost mantle velocity Is 8.0-6. 1 km/s, and there is 
evidence for fine structure within Ihe lithosphere. 

(4) The structure of the Red Sea-continent transition re- 
mains uncertain with the currently available data. The range 
of proposed models Is indicated in the figure, part C. Im- 
proved models would result from the recommendations be- 
low. 

A general consensus was reached on recommendations 
for future seismic refraction and reflection work In areas with 
strong lateral velocity heterogeneous structure, such as the 
Red Sea-continent transition in western Saudi Arabia: 

(1) Parallel -to-structure refraction profiles are needed in 
regions ol complex structure. In the present case, refraction 
profiles are needed along the coastal plain and in the Red 
Sea. 

(2) Perpendicular-to -structure profiles must be densely re- 
corded and should include considerable data redundancy. 

(3) Critically placed seismic reflection profiles would help 
resolve details in the areas of greatest structural complexity. 
In the present case, reflection profiles crossing the Hljaz Azir 
Escarpment (see figure, part A) would help in understanding 
the structure across this rift boundary. 

Tha commission officers were (chairman) S. Mueller. ETH- 
Zurich, Switzerland, and (secretary) J. Ansorge, ETH-Zurich. 
Switzerland. The local organizers were D. P. Hill, Menlo 
Park. California; J. A. Orcutt, La Jolla, California; and R. B. 
Smith, Salt Lake City, Utah. 
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PvO Lin VijAt*v,*ii l aitImj, L. bernuh, .rnj 

Robert F, But It-riDrpertiLaat of Ceosclencea, 
Unlvrralcv of Arizona, Tucaon. Arlinoa 85721 1 
Pa leoougnet It data ware obtained froo nine 
cooling unite cf the larr Cretaceous C-72 FI* I 
Roek ruga Volcaolca ,iud froa cconty-flve fl-''ua In 
the lover Pnleucene Gringo Culch FoUanlce, both 
from acnithaaacern Arizona. Alternating [laid 
disugnetlzatlon eucceeafully erase! cha Infre- 
quent aocondary eoaponenta of oagnetlrat Ion , 

Tha palaomjgnaclc pole position obtained Iron 
the Roek ruga Volcanic* la at 73.6'N. 17b. 0°E 
with dp - 6.2" end da - 8.19*, The Cr Logo Gulch 
Volcanic* pole position Is at 7J.0 *N, 201. 0'E 
with dp « 1.2* end do - 1.7*. In conjunction 
vlth other recently publllhad Paleocena and 
Eocaoe paleomngnec It pclae, these data provide 
delaila of North American appecanc polar wander 
during the Laroslda orogeny ('60 Ha to "40 Ho). 
An ap l*o da of rapid apparent polar Vender froa 
the Cretaceous polo position ln the Baring 
Strati to tho Eocene pula position near the 
present roxatlon axis occurred during that 
interval ol tlma. Tha initiation of chl. Spl- 
aeda of apparent paler wander appears to ba 
coincident with tha aajor place reorganization! 
which occurred at the onset of tha Le real da 
orogeny. fPolaoaagottlia. apparent polar 
wudar> Cretaceous, Paleoeane> Notch America . ) 

J. Geophys. Rea., feed. Paper 8QB182& 
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NORTHHEST TERRITORIES. CANADA 
J.K. Park [Oaonagnetlc Lab., Earth Physics 
Branch, Dept, af Enatgv. Hines, and Reanurcea, 
Ottawa, Ontario, Canada KIA OYlJ 

A palMaegnec Ic study on 14 rad llzestone 
sices of tha ilellklan Little Pal Croup, 

'bealnal sequence’ (Mackenzie Kountelns, 
Northvalt Territories, Canada) reeolved flvo 
■eagoet list Iona using thenol and eltaroarlng 
field troanent with vector one lye La. One 
magnetization fC) with low unbinding 
tamparaturae (<350*C) la probably a goathlca 
weathering component of Cretacsaui ega. Ir 
gives a direction ec 291" ,+7 3* (12 litas, 
k-7J, S(|-5*) end a pole at bO'M, !7Q'E. 

Two other cloaoly related gagnaL Hat Iona (5. 
detrftalT) probably carried by magnetite 
and htmatlte (A-) rarpectlvaly, ylald 

direct Iona of 264* ,-29* ffc-62, 0|»" 4 *) end 
264*. -26* f^S], aig-6') with a coohinad 
pole at 16*6,141*1 (16 .Itea, A*i-3*). 

Tha two remain log magnoc last tone (B. rad 
heaaclta pigmantf) — 1 normal (I J and a 
reveres (B-) co^psaanl rBtognlzad la moat 
apeclsane - — have ■ r cabined direction of 
2TJ*,-09* lt-17. 0,1-10’ > and a pels at 
3*B,138'R (13 . It4a, JD>26, A„-S*). 

C and £ are profoldlag 1 before Paleocena 
or pra-lata L'retacaou*} with A eoggested to 
be primary, A and j Me close to a recently. , 
proposed polar track for tho lain ReMfclan 
and Radrynlos end evidence auggaite a 
magnet list Ion age for 4 of 900 Co -950 He. 
(Palauuinetina, azgOBt laqclon, malUpoer 
ponanta, FreeambrUn). ' 

J. Gaopbya . Bea., Red, Paper BOB1827 
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clear vaatae In ao undorground repoettnry cauvaa 
a long-term th.re.iL dlsturbinta In the rock rjen. 
mi na cure of (his dlsturbsnca for 4 ptannr re- 
poellory 3000 n In dlamotet it a doptli of 100 n 
below aurfaca la Invest l Ruled, inaded Initially 
with a perwar density .,f 10 U/ 0 2 „f sponl r»l u . 
sere I las ID years arter discharge from <i roactnr. 
the naxlamn Increeeo In taeperarure of tho rep.-s- 
Itarv n granite Le about !0*C end tha epicentre! 
chervil gradient about 70’C/lo. Dlffererit v U(a 
fore, and par lode before burial have • Ion I ([cent 
oifecta on tha tbormal dlstucbenc,. The affects 
or dope return change* on the gzaundwater flow 
■re evaluated with almplo esdala or a vertical 
rracLura connected to a horlesntal fracture In 
the rock run. The buoyancy groundwater flow 
through the vert Leal rrarture la a [unction of 
both tha vertical and the horllonial fracture 
traneal aalvltlee, as wall cs ilia chaugea In dan- 
alty and vlacaelty el groundvat.r caused by the 
leaporaturo Chaagoa. Finite hydraulic recharge 
rrom surround leg rock ran affecCB tha tharr»hy. 
drologlc disturbance, (Radioactive waste repcs- 
LtutV, fractura flow, buoyancy flaw, tom pern loro). 
J. Gaopbya. Rat., H*d, Paper 8UUIB23 


Meteorology 


JM5 Chsmlcal .isr.poali Ian and rhvalr.il 
internet lone 

HEASUREHEHTS OF STRATOSPHERIC SULFATE 
HI XI BC RATIO U|TM a KUI.TI TlLIDl SAMPLER 
B. U. G.indrud and A. I.. I.nztua (National 
Cuntor For Atooiphorlc Poivirth, P. O. gj, 
WOn, Bouldar. Colorado aOMT). 

A now Hu] i 1 filler vAnpl.r IMES) was 
Uicd fu nunsiir, daily pr»Ml>s ul auiratr 
aernsul In A lank j during the Pn1...| 

Julv 16 thruu.h iulv Tl. 1179. During thcar 
6 days, the variability la luCl, Ihnl the 
peritnL linndard deviation of an Individual 
prat lie Iron the cc.m to an high as 111. 

Tho toaulta of ihcov f lights ala tunp.irvd 
with tho Project Aim man rteulls from the 
■in tleit- porlvd. 

Geophyi . Roa. Lou., Pap„ r gi]L|J7i 


J71J Cbeeicel ceapeeltloe and thsnlral InLtrac- 
11 IBB 

Ana5HIEHir HMSURDiDiTS OF CFi AND DTH>21 FIAT1RO- 
CARBOhS CdVKIHIhn TOE CF» StOUPiHG 
S.A. P,nbitt(A.E.R. E. Han.aU, Eoglaod) N.J.D. 
Prceaer, R.A. Raeeuiirn sod H.A.K. Khalil 
taraful eeaiureeanta by (T/K- terhnlquoa oo 
ataeeph.rlr rarhee trtref luortdr confirm that it, 
rcnceolrilibn la I>f7') uae cam lent .1 about 
69.9 pptr ietanderd deviation = 7.3 pptv), ll |b 
almual eerlalnl} produced enl I roly by vmleelvrj 
tree the alueinlui Industry, 

Other coapaunde In the ataoipbore roDtalning 
lbe CPt group hen hero Identlftod by GT/kl as 
CyF|,i CF^Cl, CEjRf and CoF^fl, lbe concontra- 
II uni of the first pair are skoal 4 pptv end thr 
letter t»o are about 0.7 pptv and 4 pptv reiprc- 
tlT.ly, The Cgrp ll producad aiBultanaocie]y wltb 
vt lb i?F| la tbs naturae lure ol aLnmlnlum. CF,ri, 
TFjBr and CoF^CI are probably produced by lb* 
(■heolcal Irdnatry. 

lb* environs. els I Isportancr of Ifaeaa cospounls 
le diacuaeed In the can leu u> two pa pen re- 
cent ly puhl tehed ua CFg by Clerrone (1974) and by 
king at el. IIWl. iFluororarfcosi, aUminivU 
IndiU try , greenhouae effectij. 
i. Geophye. An.. Green, Paper BOCUbO 


HNi liiiui'.liiyL 

R.IDLIIIV1 PkOMPTHS rtr HIE HMKi.RO^’.D ST* 4X0 
SHIfRH LEROLOLS ASP IHPI If \IIPSS IOR PERIL RHI D 

I OSD1TKIS& 

Ijitci B Pvlljkl jnJ Ovm B T.«'0 llpj.l S.itn.e riiui'jn. Irn 

Hewjr,hCcoicr VlSt.l|.-l|cl! IhIJ V Jhii r 

IFieilltbMauaih6iiauii.i In. ,P*i.. Mio ribiuiniil 

U'c hi.c earned vvl i v/i.-l «if t|w vi'unrj .ll.uleri^oi u ii r.n, 
(W • rleoAi b depntliDi . iir.y)e uni rlo.| pr .pcimi * I ac i ..|.-S pi (icol 
in ihe uni. .iflett djuig luty I'l’u 4JJill-m.il liUdi.c inniHr ,■ fl 
puiilLsil *C.C i no Ju.lt J 1.. iuaU iP| im(U.I *1 etivk-ll no Ij'IM 
nflult n budget F v r ihiw puipuiei. . r ,vyli,tj ,n Csieortie vi 
swiiuicai.-nii ,.f munil ,hir*.iriitil,i (bit me ..btaili.-J In Alula 
li.,(n lU.Tift ir-J iiuuiir pliifijou Ii thji Urn:, the vpi i. el d(f S s|| 
I'V inwU lor MieV.il (u ognlf,.ind> 1 ir - j . i burh'i g,i it. 

Lptu.ll depth of the iui>.,ipeerj. atnnj Iij.j Mi Etce Li|j ,(i v egh 
duildi V'nie tul.znkeC) perluib.'J peruJi for ibr erivkil in hair 
LivieJ I suiliutli suining -f (M urii.-iphare inj coubiy of Ibr 
trupv^htu 

Caaphye . Ren. Lett., Paper 60L1777 


3760 Ionic Interaction! and procure 

blOATIVE I0H CuHPOSITIDN HEASUREME9T5 IS THE 

STRAT09PHERE 

E. Artje, D. Stvejsaa, p. Frederick end J. Inge]* 
(Balgien Initiluta lor Specs Ae zccomy, Rlnglaen J, 
B-IIIQ Brunei*, Belglta) 

CcmpoiillOB meaeuremcate af negatiwa Iona In 
Lhe iLratoipheza were performed at altitude* over. 
35 ka by aeani of a balloon borne ma.a ipectro- 
meter during lo recent balloon fligbtm. The 
obietved lone were Identified aa mixed duller 


inn. of thr fora HOi.nHNOj and bS0,.ni£KOj.BHjS<T . 
Hydrated clullsra of both Inn Euille. ban alto 
been detected. A reecl Ion achnw ll pzaprsed to 
eaplaln the data. The telativr abundance* of the 
ion easa peaks I a used to derive the niaber 
deadly of nitric acid and aulEuric acid id the 
ga* phaac, 

Canphya. Haa. Lett., Paper BQL1779 


’ f t" Pir' i. in iit.i h-.-rr-.oi -- 

MtyAF l ‘ id - : f.'ll '■(*• V • 1 1 i gr. fi - | 

ihe a ; , r ,, .ipiiE - qv F"LL"'«ir.-i viif ■■--•h,-. 

H V |.v II Pvru-T f.'ll 

A.t-’A trcrihl Tut I cjlo -* i fuii. i .IJn I vtr; 
■l«ll ' Aqvii Ti.tiTl-nT X.'Aoul jit, Italy) 
•'■.Viavani i an-9 'T.Flotvo. 

’■Xe reperr 1 1 >l ir nuiurenor * : --.f > i.r 
ocroo<i| content of » he atpupnere fur 
first two north A following the vc-lt-ani 
uxi>loo i on of «lt ,S* .Helen. Tbu r.onsurer.e 
were *akt.-r. nvar A<|u I ls( ! t nly I .i»p. , 
dor ayi*-ei.The n-aswremnr.t » ore conp-ir 
to similar darn foe the brevloui mier 
n.rloil ar,o show a line iiicrede ..f • r. 
lackjcatt-ring rv i« In th- itrt’aar.he 
nr.d upper » m non nhere . Ln, e r j have been 
ofca erv.-l o> varioua altltudea.A etroru 
layer at in-tlKn nns teen oLoervet uni 
in i r ini l/.Uyen i.otwenn ll-'57r. nnve 
beun ot icr*»U eon t ii.un i ly .Tiiuso foarur 
ahw n c bus Idvr *N in j.y »n . i . varoibi 
ty . ISt raioeplicric rier* owl I, vol conic er 
pl ion.iiJcr 3/at rn). 

Caophya. Hun. Lott., Paper 80I.I4B2 


17X0 Particle* and noEOaola 

III-S1TTI HEASIHUTi EHTS OP iCATIERfHG PHASE 

niNCTIOHg OP ilPATOSPliFPlC AEROSOL PARTICLES 

IN ALASKA DURIXG XU1V 19X9 

G. II. Cms (9eha.il of Ceophyalcal Sclances, 

Ceargla fnaLlturo -if Tachnalogv, Atlanta 

Kanrgla 10 112) 

A Inner naphelnnmtor dnvolopol for airborne 
nnaniirntenln of pclnr nr.atcorlng dlagror* of 
aimanphorlt aoroeolu w.m flown «n tho »CA* 
Jinbt- Ilnur aircraft to ubtaln dnra i'll! light 
ecu coring perunatom fur str4t>inphurl> a aero- 
an I pnrtlclna nvor Alaaka during Julv 14)9. 
■Thaarved valuri (<F tho angular varlaglun of 
acattorul-l Ight tnteuilly were eunptraJ with 
tlmao calculated Tor Jilfarent ualuon of tho 
esrsoL-trr paraoclor r In tho Henvnv-Cracnoreln 
pliaie fund lan. Our ohuorvat Iona In llcnto 
that, far the lino and location nl ihe c.p.rl- 
Eonts, tho Hirticy-Gti'cnurtn ghaut- function 
■Cuuld he (|"a in cnlculnto polar '-cnltarlng 
diagram* to within exprrlrental vrcc-re tor an 
envr.nutrv piiazetar v.iImc of g » 0.69! 0.07. 
(.eugh-zw. Hv,. Lvti., Papar duflX65 


'’•>( Tj.ii.i.i I.- ] (••-.■.•» 

IM1I ll Ml..-.', in v I K kT' (Spill HIc alhd-all III Ml 
VIM*. I MX ■!' (| >i I q m| M K'V.L'I I ■■Nil Mb'*. 

I VUI I Tl' iN 

• ei.*.. D h-iillMiK |. > >■ mi V.-imi | i.i i i ii 

R »' Tn (K J-Ui i|, •, Kc. 

V 'AI,.|„|. M-, u .il.M | „|.| I ,1,, , J: 

ic -l T !l in- ill Ik (VI . .p .,,1, .a . II, . ( ,1,1 I i. n 

I I 1 .(ItV i ■ -I ll.' ,■ il.jr.af , J. „ , 

.,.,(• If h;.( „« J ..[■ „ 

Vl.ki d„ .a, Iji. I'.’. <...,,,11. It,. .1, ,.. . 

“MV -I' 1 ' I--J.I il dll ■'■’((.ll.. , il.jih ,. .. 

Il.c |ll|l. ,k • I -c. I ll.. , Ic.s-I . I, ... If., .- . , . 

i.i .... I, kina alu.li <jd. ■ m. it nc ■.«■■(, ti, i ,,, , 

jer -..,1 ,. n,i,ia s, ,i ,.. f , ... v-.,-., ,, 

jnm,.iMZ .heni-.i,, mj, |,,r,i,tj n* .. -1.1 ,| r. 

iJZ c ru rlui uijr.ql.rri. ivlnm. j..j «. - ,j . 

■(. r- X lutv. r-a lb:, nr . IXk uj bj,. - r l.. („,., ,. , 


Illil-iXti 

i.j x . Ka, Ull . I.i. 


!"U Pjrli.Jrtzn) (c.vi-.li 

roMi'\Ni5«..s ui s.f h.a T i>sfiirt' i. sEhogul vi isl rmifni* 
■ 'VIP POMP 1 1 AT. 41 ASM HIT. |Vi 

H Full. Viirzg lit :ihf k.lh..lS I’r :bui.. jnlCurT Fc.t, 
I4,n:, Pcviish Triucr NISk Vi.-nrn F.:l j t alii.,,, ,vt,it*i 
H-.vs> l Lon Jid li-ncia Tl llj.it (Lit iurr-.rji.--i R-.Fm n.| 

f alii*-err..j f »4 :i^4 » 

Sir jinifE tr„ in. will mci; nlJx.MJ «,t F.ik.*r Fiji Vlill nl lul, 
l“’». r-< Jcivci fjitivlc pr..: ,ui. . n, , ,r.,jv, tjir-i.i. 

bH.t n,*, juei mi. jnd - . w.pjr : t'-n.'jr ,c.i.tn uhci cud with J.lfe-cni 
jut. .((-.{ ur fl./l Be. I VIZ t.l ll., ntrp g. ,r u.'t-J.u. b-j>, a ,-jr.n 
I.i Ijvjzi tjn-ljt it (.-jnJ pj .pa.i.,1 i,.h j, cvc-rniun- n. awre.l 
nu« jnJ ..pii.il ztiL-i.llwn jit I'ttli.c I.i fi ^!l („,n ,i , , J„ ll - 

Cjlvuljri thn --.r,. -.enr.jii.n nia.iai t-.i, i^jrz with pt. .i.,!t,iii. 
piiti.lt c.|.jni»r r,i.La whtn a Ih ■ rj J.uj it-.u,^ it jnlr. -J _t J. Ar. 6 5 
■I Hut .hup n-j..hn uui cjI;uLi:J utlijiz inju siih f!m mm 
rvjt-ncnxr., in i I (" rjiu.1 tluiijv iCLulie ir. i,.-icitvci tiiwzen 
tru cal.uljlrd vfi.jl ,ti|n.li-.'il J w.nudcni SVjEu'illie .ui-jlii 
Rz:,.j.-iuiii( ibii d.liii.iv! u-nninMn!! tin pi-.-lu., I4-19V d.<i'irr.ci 
in in.-jijreJ tlij, a, hi!,iij ihr Ruin i.i ibrtf i.virpjijii.c irzjuui- 
mrnli vf SAGE ail in nru isiiiwru air ttlreuil, oi Ij-<m:r,i 
Gazphya. Hob. Loci., Papar B0Ll7o- 


3?7d PirH-.l:t and irMItll 

A SIl-TiY OF STB ATOkPlIk BXC AEROSOL MAWRIIY 

Vernt R OC.brA S«.l II Fail re*, rnd Go> V Fairy (Airji Revjivh 

fcoirr. VASA. « jOnr fU!i.C,1i(c.r.ii4<43J| 

ll.mrr k Lzot oi Dentin M Haj<t |LFE CorgMju.n imvcrirvcDl 

AnnlymiLatuiai ita RLb it> .n ii . rjJlf-- rr_, 4J 994 * 

In rhupipri ntitr/br a urpllrj red in,| t m nJm^unbji inn 
Ow hUMo.jl Jiunburi-n io chi-z.lm-* uizrcipharu aireu.l iv-pu'j- 
lu.iu JI tha 41T bill uf *. nTIdrr,, PutL^ ump'rl Jiunid ..trr 
Alj&jduilTRlaiy iS-lv. 1414. art uwd lbe tB.auih.<w ihr rrewrt.r 
ul .n., u vruji pjiii.tii ai lower ali.iuV dun a' HjJ. lUPutlei We jlui 
(no .illilllVm alibi luifj.c Jirj uni iireu, duliAuilirvlurill aciu- 
u-l hunplci v'i'wrd Frulmre fn-m iFck dan uijgiiri mbit ibil 
Allkt.i nu.-Irl lie IVTitd - r dnfauj lvi.nl lb* irv-pv-pruiranjiiie Lni.i 
'bi itia'uiphcre abiitlht) miuit in*, higer gaiuju vuna.IriFv.im 
Ul i hr lower -u laiiuybc i, and b<h.i.h« irjtiua »jr,.v ll ,i B^ijbim-J*. 
SiBiphi .hiihid ■■ minhii urr pu At ujiie reiulll upp.ui.ni lb, 
•it* ,h,t He pr.MU or mje.ihai ,i ru.lciii.n and rrwiuiuigtd itraivli 
w.ih aliunde nu) MjJ AjI enJi«Jn 1, % . u l^n], |n kv*lK*,*0>ihll 
mg unique jni lowly* Xenum. 

■Juaphya. *»i . Lott., Paper iDLlTol 
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Groundwater Management: 
The Use of Numerical Models 


Yehuda Bachmat, John Bredehoeft, Barbara Andrews, 
David Holtz and Scott Sebastian , Editors (1980) 


includes planning, Implementation and adaptive control of policies 
and programs related to the exploration. Inventory, development 
and operation of water resources which contain groundwater. This 
study was deslgned to Identify those models which management 
needs but does not have and to exanhlne Ihe feasom why manage 
ment does not use certain available models or does not find useful 
upther models yvhlch are both available and applied. '""A 
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Oceanography 


I<*i Ue .. , 

XI, 1 -jC Mi-aft I'l A #ISCCEL«TIC Fi'HFIfifi Kt 
LHEEl 

priMd F. 0 it-i EdltltliJO, 

i.ni,ersH/ of Ala 1 .**, Falrti'*!, Alaska > 3 i 0 ll 
l. *i, Shapiro 

Iro fn»royt 4 Mv.t» «f '/(v.oi’Utltcii* 

li » 2 i»I tc-< to obM < n ir<* pt*ra..j.p 
reipcnto o' t litoral 1 / urumsicd vfscoalnl'c 
DllW f Toiling 0" * lllllfl. Trig wun 

ti analyi*! at i *iio v * 1 * 1 a J 

ii-vlr-l factor A fn-jr-mri-qlav linear 
vlcttUtllc re I* I it usc-l lo ll'Jlal? t*B 
cHracurivim of a 5 hg« of Moalir.i too. 

45 :..isrt»l« fr.r ,-jll Ojflcetion; In IM 
It* are vied to prepuce 1 1 lust rat I ne «>V 9 lei of 
it* tMlUtriM iiil the varilejl loading llw 
5 1 1 , 1*1 if ih* ttndU.g in an lea tMel 

t, plan* vtxi arlilng frtn a unit lire 'ore* 
railr.i uniffMPly acraa? Its tMeC. 3 «<dvW iW 
JllflltirtAl 41 * Ira »lK 6 tt«l'C pliw T*r>Blnt 
ftnitOi tn'l t«c*M(\u* provider a n*a»fa for 
n.,»lr 1 *rilri*rlrg qtCl-Jtsa iff the ltreos 
oreiured 1 / .a.ot at the eHticil frea>«»«c/. 
i. i....; r, ..i an., 1 . 1 11 ** 1 , Vtftr 


Particles and Fields — 
Ionosphere 
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The 


Upper 
Atmosphere 
in Motion 


„.r lint jr ar.blh rit.-. -f l».t *»<««»•'» InetaM J My 
jr e £*l «.l«i.-t i.t-rri Ul». if 1 " rrv.ll* • 

*,.lt ft! tfw - <.U «H.*l«nHiHMW 10 * 

can I* - W threading ..f «h- rl-J 

, m-rn .1 ■•|..*r«in ai.u >H-.|»* f-.o*r-l 5 Md ' 1 rn*(Al** 

t. ... ........ 01 ... . lauf A 6 Uf *0 


s%:.« i.ui ifis.ui.-- ‘'..a u-iiri-rjiiri-* 

UIMfR Ml-lmillV |r.;i IMWIFAII WI ASil fAF«<.f.lli: 
Fifi.ia.r. ifi.i-r r-.ii a rnw iif.iaimHniK 
*..in«Miil Unit ft |..t .lj.li* OflsntfH, CtiW. 

It* -a «i tolla* , M* t**. PlelinrJl-’n, T«*n*. 

J|r>Artl 41 . 1 r. I . f.flll 

i;.l« pijirt [rrunt, .i-l dlse-ienc* l*n i*opw»- 
Inl, nn.| ctrrlt.ifl flu- J*t* *rc'iirC'l 

Kill. H.r (uUiJIm piltniMI m«lvm *n luiird 
t-... t/o-(. -it plum wi..ii {t Wii In u-lnr *cllp»o. 
AltonMr.p i- alrcctf'l iv rei*'u»**nti In tfc« 
*r.ri-flr'.i sn nvljht Interval oetwfrn oldnljllil an .1 

,|nh,!i |n tli* nwrebom -inter nonpclsr lono- 
»;h«rr. SI *« I tilt'll «nslv*lf of ■!«»» r»{ 0 ia *4 
amlr.g s t-roMb lino Stan jcinlta a dscoupllng 
ol 1.01 Itcnl 41 *M altiluj* (IlKll. * dill Inti 
long 1 I'l II'. 1 1 variAl Ion I* i hiitvcd for Ion l*np- 
rratoiv ii-i-.t lU'> in, <*Ut> * slsnllUsnt rdntlvir 
4 rJ 4 n--cviii ,\it tn* mitvrn narifi A I lanMc . 
gill tv Jo J liiritui Inn- of Ion unptritur# ir* 

« -par iMh with Hilloaon* Hill profile* olihln 
tl.n nrv.ii uitvii «f till inhiu(-r 4 C> largo 
fX-i«*a of rncraotle vlctlionii ar* observe* snJ 
p-toul I.J r-jel. Lob L-r Rt.'ra|r.oUt lot LluJel Id 
,n|( qgrg Ic-gll ..'10 HCCIOI. *olVi n duett toe- 
iplulrn in M*iiUui 1 <- aid a otrOP* (Inllarlur 
tn - *.jt til r tit il or* d«ton*tfale-l for IMio 

1.. n It'jcnl'irp «rJ irlocltcn flu* dill. f>>* 

local I - of IHr- Helling IwUlHvI* (j'wnJatv 
for oSti-i/al lou of il.e *l*wlran lluaci la varl- 
iMi, dejor.lini on local lit* ird ataion ■■*<*11 
n* l-ngltule. Vnrlulopi In »M» Wi'liu H« 

ftf V <kl eouklttsol ulth A tilcuUtnl co-lugalo 

*0 lit nnl 1 1 ar.jlr c-l VI* ♦ d* .|r«..-rllilnii photo - 
PT-iJtK l l*'n o* »nirg««lt oli<«fOni In Iho louiharn 
hnltltil-ir ln» Ogo-»> dais ni* eonqldelcl 
Ir.ltraitv* if -in tnorgg iivutcc originating In 
Hi- rtt.nlli a.i-ror htalnpn»t». .nil r-rovl-llrg hrai 
ufa of pr-itouUciroria lo a bto»J 'wul 

Violcionilal *n-*<ti of it* utmii nl»l.ri loa 
nlJlacK, J* Ccniipl.«r* fan* at Pilot It-igliiulc-' 
or* wlino.i* a..**ts lo IM* Miff *,.nirc»- ml ’'"'I 
r.i i.i-a r i V i* Miitil itapviiiMi* *i h. l*v>r« to 

11.. ., a.n. u.-i |n ihn I.ra.louii l..,ura. ll".' Iti.irra- 
r.„». rltf- I run «)<■*, X-*-i 4 It*. ^Ilral oil 1*1 !•••» 

i *,•*. . lll'iH, l'.«r.-( W'MAl*. 


■ 4 * , iirJ. -li-kf mi % fi" • » 

n»-.«» i-ui ,.* ( a* i itv i*. u- u**rii.it i-wa-s 
,1 IK 1*11 «.• -i !!’• A ASS'* »*■« 3 < .111 Ill'll I'll 
*s a i oi *i 

*. i-.tl. i » »ilreii*iiirl,t.«. Tclvrlw i'l 
w. (,i,tlilt-.i *lv,ilt-.*«. *lf fri'i.uio* Figl.ials, 

IM-, .t 1 1 ... •*.,. l-n.il , 1 * r.-aont.il'ir.i-ni,. fl. n 
ifl, - r i... r- 1 . 1 * 1 .. •. *M' 0 . US" 1 »'■•* f"«l -lo* 
i. -v.. * 1 ** 11 ' 

-. Ip.-iIi lm- i» • ■•»*•! re -onlu ul t«e rjjrr'lumj 


-. ir.'ili ii*i- i» r. »*. irt--on|» ,l to* rgrrlttM 
,.f Hr. A a.-.* I. it l-rbid kn 01 'll 1 "* A nigulgl.V 

g-.tl.i l I i-it >• tael. -nr* fiullal* 

{-*.<*. 22 .?";, tl." (i, #r**il. dor mg ii"> 

r-if - Aflll l'(A «•■ H.lt-A 11 W. IMlk Ihc 
o<i*t|..i.i ,<■( aiorvo-J with tiKIng llltor i.pt 
,1 .|r--l. ti. r..||i.it »|.|K.iS - l • ..ndllluM, * - n 

ti <ri I ni <l>i * . I .Mi ll.* t-ia.lvn, di. „l 

,|-...|i i ,1 ft- If.* I ir». li.irrilll Jopl'* 

I,. , r f i • ,1 in, (lo .I-l*-*"! l*lf-l- Hit 

in* > .1 iiul.i ,« tin J-ivdi-o. Inn t"i me 

I t**!.p| - ||- I • /-I 41 * grnenlfl 

,1-1 It*. -.11. I. Ir* .!«pl*T,.i-» . Sac run J Jrr 
r nl'lt 4 U --HI*! util' »*'i (si**** m< l-i»*i->n 
' >WS -c ’■...“.’ll" I .IpiftlPA «M 1 the *”•». 

ff-ri -,1 II nil. 1*1... r-i*il n ir«**.rljrlil*|i. 

.-. ... - 1 .. * f i rt.cr e.'.M’i’l 


. . • . , . -.. . ».-,*• 1 I - ..If,- ■••pr ll.- - 

-ir .< I i- -*'■ s'- , i ■*.'. I - 

“ i I*.-.' l-r I*.. 1 .r-. •> . • 

v . . . p - . if ■ i t.i i : r *.i - < : * 1 . ■ 'l i- 
,-l* • , i I 1 :-.•«! t : i ' 1 * r. ..re '■ i*. I c, 

1 -. 1 * - 1 1 " • ir ,-|*f ■H'.I IV 

j. r _. , fl- 11 -* .*<? .f 1 

I *.-* - .. V..*.. i\ .*.'»ii*: 1 / -., i.ffrr. • 

••*• ! . - f «. re.* * 1 1 ,- J.r- *. -I l-f.l'rv If.' ,-rii- 

-!-*•!. V. - .- .fir.* V' r.-.- f .-r ii 

1 1 . iv-r'.’l. U-: l-*r *>l" - .'.*i . * -•l-'- 

rPl, i **r- -.■it i- -i -.*'.■ : "r-i Ci.i'.i .r 

•-..*•• d. ••• v. : I trl ti i. 7 * r;.f-. . .riir 
*.v ; **-• if. n.» \ l . Titr.l,-. - , e vior*.*. 

. f- e , ... , *l.i I- : (. .* ». - r:"-*-t 1 : , T. 

i;-..i - .- 'u* r. re., -ills .»i>lr-‘i 

I • I ■ . p r.-. l.-u -7 -ill .’ti |r(l:«tp 

•-»- IV.-...-,* ..| :.-.ni,,.!:**l*. - ii 

i- :■* *. - t - * r o: .r • 2 .*■* r. .ir.-j. 

'. .,.,1 .-»-,.:.-e ' l.v.er toit- 

,:i‘. •*.. IM*;. 

!. M-i*. lapor ItXlMl 


111 ; lrirr - «i:i t;j raihnlq.aa 
llMHS»E-.T ICAITPIVS i-F WAVES IN mi 

if *al 

S .S. I**'- at Ejam flpica Phralea Pcaaarrh 
111 r jf.rv, Ul,«ri|l: of II eh i gin, Aw Arbar, 

1*1 chip in i J.P. Sc-laorlii-. t.S.t. On* 

W U-» *'ii«:ill'.lU) aloliid its* cffaci* tku 
*.v 1 in. - llUl ui .vlc.-Kv ‘ilicrlbuilon* prolo.'a 
■-7 i - .* l-ii: ;»ri ,1 i*i( iiictrei jf radar wayea 
late - »t«n: l , i.-iinul fic^ ih* dlilurbod blih 
Itll'.i' 1 -n-j*;-rar» »n (ha u<rar E and lowar f 

fer to •loetren urparalurir raKea 
niw.-i iMi. or *idjl u uil(g and tliurle 
fUU *lr«r|tna li'dWl ih*n lUil fil z\fn. (ha 
i'i:li , -n I* -erl-tsl} Jlatoriad IiuB [he shape 
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,l,« It wmU nnrr-.Mlv hava *f (h« ™ 

■llntrikuilvr* ^rc. HarvalllArt. «n ««"'! “ h ' r# 
il,.. n.iKnrl.'dphprU- wnvgctlon a )* e ”J t .!* i?.. 
m. luJ, 59 r,;/n ifdi InisrprAinildn if thodatu 
tk .if firct<d If the i-rmna^ua anuiiraptlon of o 
Hi.wtlHin g lair Ibul fun la usnd (f 
darn Iho i ltLirnn twrperatato la tho Jtoportjr 
rw. 0 , aMlnusW affoctojk* ElW • rrol,<l ®“ . 
lmurpr.'iJtl-n, -in U be underMUsit^ 
hv .11 r.idi 41 .1 focior of J. Fitmlljr. tho 
Ani-rtro ..blolru-a uni * 1 4 taii«boU LOAdlt.l«ia arc 
.wls«*t-;pU, with 11,0 laMt rho 

a HnvwollHn-Ivpo ap B £(iuti holng found along tn* 
r-igjiol 1 - fta-Xd dlrortlon. THo apMWVl ion 
iinpaf.it utn attn oWns lb* llo ° 1,1 ,l Hb l of tbw 

r , 1 , 1.1 r 4 i H «conR fron parnllel (o. to naarlp 

pcf|iiindleul*r, tn tbo oignotlf Mold ■ 1 ** 
in/roMo* «« tHo angln *ho MWWtU « ,0,d 
Iroraasoa, a*«. for D.r, Mactrlc HtU atraflgth. 
an soil I la P'.'/n. 

J. Coophyg. *(*«. Bl““t f*P or 


Particles and Fields— 
Magnetosphere 


17 W . 1 «ii*lop«u»o 

STMICTWI OF J 0 PI TEE'S KACNETOPAUgEi P 10 HFER 10 
AIID 11 ObSEIWATKiNS 

B. Sr.rmar.jp (Darttnulh College, Hanavlr, NH 03/59 
U.S.A.l E- Solth, B. Taurutanl and J, Wolfe 
The co [not if atrueture of Juplcar’o Bigiiaio- 
pnuao. te obiorvod by Iho apnea prhbas Ttoneer 10 
nn*l ll, ti coopaced wllli lorreacrlal cagnitopaua* 
Siructurwa Iron thi> Otf'-S ataalon. Tho Jovian 
Digneloj-ouio ihirknoaoi dadurad Iron a rapid tri- 
ple, crcAalng. la found to lie In lb* ta»B> 35 <»- 
I 2 D 0 kn, whlla ihw adjoining plaaau boundary 
layor VII JMlO-fllOO bn thick. Comparlaon with 
■he terrestrial altunrlon auggoera thai iho day- 
aide oagnalofiuiw! thUVntu In both tinaa fa a 
fun t Ice* I he Ion gyruMdiui and that iho doynldo 

boundary liver la »l"o of abnut the- no* width. 

Tbr nviynHopiua« nutiiil wWt and nnrwil magnet- 
t-. field cnagobent jtu daierolnoil far each rroaa- 
Ing by ui* of plnlniio vlrlaocn onnlyaf*. Hie 
raa.iltn Injlrali* 0 blunt and Uoppr oagnotopnune 
Ki.rf icv, i»r the fc*-it part with an inllgnlf Irani 
nor ir. il nigoOtU field cmponcnl. Only fnr three 

■•1 ll.ii li -rui<«l"g>» did this r«ioi|ii»ni-BI aieowd 1.5 
lit rrror Uiitlmt*. In »«« pf lhe»« muon. 

Hie mgnctU Held tang-milal ru Hie njgneinpnuna 
dlnpl/itrd (ho cbiir-iciirliilc fejlnre* "I a rota- 
ilniinl .ll»c<nl Inulty . <li h Rtr u-tnrn- are orrn- 
aI.ihiHv elan ncen nl tl>*' *«tb*« iMywil«p*U«e, 
ini ere (IMuukly anuclalhl with an open Ire- 
ii.niwillaill r.igni»tue|ihoro. !r.na **f lh* Jovian 
rn-aalnau a If Jltplay nthor loaturcn that hav* 
bom nbattyrd a* lk« vitlht IMllel Held rota- 
cl. m In the "wrung" iieriiie «i the outer edge of 
the negnelnpavao! dlesagnollr effort! and flold- 
allgind rurrenta H lh* Inner odgo »l the plasna 
buimducy lever. i«.ignurop*u*e, Jupttar, Plonoor 
$pice*-r.ifl) 

I. • euphye. law.. Blue, Paper BOA 1011 


■li', « ii;iivl-vrbi r|. . -nil «m«l l-ui 

•<l*HT l'lA r '*A 11 .Vtl'PL'If 5 ft (N f«f IO T.’HUS Mil 

IV.rK flAiJLIASIlllXF "f HTITl* 

Frjn f.'idi-il and .'.inn# D, la) I Ivan tCenror for 
ip.Ki' fu*iwir»b. 'Iitm.luaelli l*i»t It-na *1 
l«Jin>l-i«T. m-bildgui S.I am hui oil a 021 )'*' 

A -••del .-T the l« plaa-wi lorue haa beun ton- 
■ iru-.red ui in, the In *liu plaae-a muaavresanta 


■ ui.igei l. \ ibaij «, . 14 lent in slain* tenporature 
••f 7 , 11 s kj " 1 it '. f P.r dlvldae chu iwrus Into 


u- pirti. A 'old Inner r,vlon vhere lb* lont ur« 

. IntwH- (.ml |n-il j. the .-inirlfuaal o^uatvr and n 
*to outer rep.lun »-hl. h Inrludu* the <-rblt wf In 
ml bin l I'll- •neii. 0 - Ilf liul*hl of 1 Pj. fhe 
.,( ,-r i-tg. .'I I'll! ijr-. lulu. It Uwt tnei by •■ drop 
in rlaes-i doneliy neat 1.5 * 3 . The bulk ft tan 
( th«- pldf-.l, l<». . the -IveriKtf /wlnclti Veclur, 
It within ll vf tin- value ••Pe«t#d - % n l he bill I a 
-t 111 I 1 (ernlaflun In th. Inner p.iri of ihe 
..rue but prnsjblv dc. Utwa bv l to Hit fron 
■•rural Inn •wfilJ* t<«u l -rm. fhlt breakdown 
ro- (irvillign n»i nctwr at the outer bounJarv 
.'1 »>..■ wir-. lolua. n.e ebeiwv per rhat*e Si-eci ra 
•huw wcll-rti.il'. ,J fenbi lo Hit Inner part of Hie 
lorv* lul *tr.,r. 4 i> oerlapr-lng peoka In the outer 
-art. In ihc Inner tofu* there la a wlynllliant 
41 1 st Inn It, 1 he aVtinlAlimi ;« different lenlr 
•nrrloi over .fitlal *cil*i ilO 1 vn. However, In 
•h* pldar A wh<«t uf lh* nldjle nogneloafher# ihe 
'"Ml . nsi-iailtlsn jnpeiri r„ bp unllorn Iron l! 

■<i il Pi mvI la ittonalv dmiaated by Iona with a 
rti lo .•( jtciu ran to cbarA* of lh. Theaa Iona 
art coat pr.tjSly fuae conwlrailon nr 'i 4 aod S- 
li-n*. ilng '.bait^utntu l> ihsl the hllvm spaud 
li unlforaly lew In the outer ?Jri of the torua 
with value! leal than .’M bn I - *. 

J. ueophya. Hal.. Blue, Papar 80 A 1545 


MJ 5 Plaaaa Inatabllltlaa 

CB. 1 MT 10 K 0 ? WHlSTLet-HOWl SIliE SANTIS IB THE 
BACBETOSPHOE 

C. C. Fatk (KaJioa dance Laboratory , Staaford 
CnlyarBUy, Slanlori, C«. WW, l!- S- A.) 

WLE tcnnaaUier tape r la*n ta (undue ted at Blple, 
Antarctica (L » A) show that long ('ll »■*> b«F- 
douo ilgnal* lnjeetid Into tht nagnawipliira ol- 
itn ganpeaia »IA» band* aa a'taaulb uf non-linear 
Interact Iona with anargstlc part Idea. The apae- 
tral ebarac tor 1 st lea of obaarvad (Ua handa are 
guite varied and complin. Thi aid# band frequen- 
cy spacing vac let fiao -J Ha la IQO H», but It 

bear* flo a lop la tolatlonahlp to the carrier as* 
pillule. In aharp contrail to lh* prailctloai 
ot aosa thaorlat. Tbo alia band aeplltuda la 
utually 10 dB or oar* halow (be carrier aopll- 
lude. but aoaitlcaa Ic can auaed che carrier 
aaplltuie and aim t rigger uladooa. HuHlple 
aide band a are alien obaarvad, and thulr lea- 
4 uiney iiparatlona Iron tho carrier may or nay 
ui ba haroonual!/ ralaiai. Hda hand aapll- 
i-jjra aay ba lyaxairicai ot ilgantlial atoul 
lha earclor. In thi aaymtlrlcal caae. It la 
usually (ha upper aide bind lha( la Itraniir. 
Various a Ida band generation gcchanlaai are dla- 
tviatd In »li» il|hl of theaa ntu »*v«rln«aial 
data. 

J. I'.r.'pb.yh. Pci., Blue, fjpar BOAlHid 


IMS Plaieu Inilabillliaa 

OBIERVATtOBS TI QUASI PEP IODIC fUU VAB 1 ATIWS OF 

Vhficnu; less m vucttws asuiciated vm h s 

CK-HACNITIC mSAUOHS 

C. Kieaiar IHai-PUntk-lniiUuI f(Ir Aaronoela, 
D-ibii Katlanbufi-Undau 3 , PBE> A. Xorthu 
l.h. Tajec , I. WUkan, A-V, Gutavlch and C. Aaata 
iioultanioiit qua a I periodic variation! of alec- 
licm (* •*» lal), Iona (I, >17 haV), and lh* 
liraagneflc flatd in lV« Pc 5 period rang* wait 
cbietvid cnbeatd the gecrilat icnery tacellila 
CtOS- 2 . 54 ate ale occurred between August 1971 
and duly 1979 . Two typoa of evant* could he 
dill loguiehedi Duilng tha link typo « Us licit 
and Iona raacbed (hair flu* util* and ilnlu 
liaullanaouily ("lu-phaaa aernta"). Durlag event* 
of the second type the electron l lul lied ntntea 
ai lb* loo flu nulaa *od vice varca ("out-al- 
phaef 1**111 e"!. During all aetata iht (oul 
aatnttle Induction had t Inina at tha tin of lha 
lots flue snlai and vl*o mil- The ln-ph»«» 
ataati occurred preltrent felly atoned noon, they 
bad longer avaraga parledi and dural Iona than 
tbi out-ol-ph»ie avenii that appeared around 
fill, tha phaei relallonahlp batwtaft a lent tone 
and iotif vaa found to depend on tha olopt of lha 


electron Ditch angla dtitribatlona. Dor plith 
ingleia < 90 * tU nilitlw of the iltstm 


□radlc done ol tha drift mirror inatahiUiy 
theory. Id tun of chfa theory «>■ tv° dlffaraoi 
typae of quail periodic evanta can bo regarded 
„ eba roault of dlfferout raapcnaoa of thi elec- 
toral to th* diiturbanco coudttltm* around ««* 
and duik. Tha drift oirrer inaciblllty lo Miocla- 
tad with drifting enargotlc proton bunchoa that 
gaiaraca Alfvin wavao. An oabUiCa of the viva 
aapUtudaa yielded ualuaa almUar to thaea ectual- 
In QblBtVtd o 

j. Oaopbye- Mi,, Bluo, Paper 40 U 720 


5764 pjaema onion, ronvoctlon, or elroulatlon 
POSITIVE ion 0 B 9 EFVAT 1 W 9 TN THE Mt»l* Hha- 
KTOSTHEtt OF JUWTtP 

P. L. Ho Nutt, Jr.» J. N. Beloher. and H. 8 . 
Bridflo. Lepartoent of Phynl 01 and Con tar for 
space goaoaroh. Caeiirldije. HA 0/1191 
va eon«l 4 *r th * l»alt lWB data gathered 
by tfi« Voyager Plaama flolonoa aaporlment In the 
niddle magneloerheru of Jupiter. Tho experl- 
rant neaeuroa pcaltivo bona wttt. otvocgloa par 
charge batwaen 10 V and 5950 V. Th* otaorva- 
tione are onaiyud ta obtain the maaa and 
charge donaltle*# velocity co«q>c.nentB, and ten- 
je reruns Q f the low energy plaana population. 

Tha roducod dara aat la diaouaaad In eho con- 
text of tho Outitandlnd quoatlon* conoornlnq 
thla plaaoa population and ita dyivaiilem. us 
find tfcst on tho dayaldo, ehsro salats a iran- 
,on lu to highly sujoraonla poslelvo Ion popw- 
iatlw which tend* to bovo aaitnithalby but Joea 
not rigidly comsts with ths plaret, Thsas 
Iona provldo tho lnnrtla of tha nagnotospharlo 
plain* Inside of -■» Rj. Tha Mil donaity 1 * 
everywhere doralnated by heavy Ion* and tha mail 

itanl'ty gradient la consistent with outward 
diffusion from tha 10 plauraa torua via Flu* 
cube lntarchargo. Tha ioris land to bo concen- 
trated in a plaama ihoot which Is aasoolatsd 
with lbs our rout absat Infeccod from tho raag- 
natlc field obaarvationa. Tho plaama in the 
shaat ia relatively cool <-20 oVI eonparod tc- 
plaama at higher magnoelo latitudes UHW eVI. 
j n addition to tlwJ salmuthal flow pattern, we 
find a local tine aaymnotry In tho data which 
ua interpret a* flow away free tho currant 
Bhaot on U 10 day* 11 * and toward tl» curtont 
sheet on tho nlqhtaldo. Thla dynaele expansion 
and contraction of the plxama ahoat la pro- 
an nobly driven by the aeyirtiwicry In the tasynoK- 
arhen duo 10 tha solar wind Interaction. 

J. .laaghya. Roa., Blue. Paper BOA 1 602 


5760 Fleams notion, (tnwacrlm or . 

mlANTirATIVE SIHUIATION r ‘F A , lACNa.T'TAP>'E* 7 C 

SJSSS! X Sa 5 P. 1 F.RK MCItlC Klf. 1.05 Air 

EVhUm«l 'IF THE FUWAPAMSR 

B. V. Spiro (Pepartsonr of Space F^afci *"3 
Astronony, Rice Unlvarsltv, Houilon. n 77 hfi|I 
M. Ilarol. R. A. « 0 ll and p. H. R»H< 

Rasolta of the He* L'nlvaralty aubelorie slnuii- 
c ion h*v« been uud to Inveatigste tho P" ne '"- 
t Ion of aubaeorm-a» 4 oclarad olectrlc flolde ini* 
the pl.toaaphor*. Honr A »r. '« 
plan*, our llmo-d* pendant electric Mold modal la 
characterised bv seatwrd component* In the duai- 
qldnlght local tloe aoctui - ond wostiairA eenpa- 
nanta after midnight. Evy.pt for a wall region 
iu*l before dual, th* «w<dol pradter* oantwrd 
electric f laid component* throughout tha daviloe 
sac lor. The charaiterl arlfi radial component la 
dlreclid inward «t all local time* o.cept for a 
■mail region Just aftur davoi. Ilioie /F ,g '” 

compare favorablv with avollsMe whlatler and 
li.coharant seetur radar i»*au»aM!«iB obtataad 
during nignetlcaMy dlaturbwd perlvda. 

By aaeuilng an Initial plaamnpauia ahapo end t>* 
following the computed (« > drift ire iectf>t lew 
of plait® M.« tubs* ttm that Initial houndwry 
we have weamlnod th* ihort-rerm evolution or (he 
plAeoapauae during the aub*coru-l IV* event of 1 
September | 97 h. W* find that narrow (llBusntorv 
tails can ,'rnun .ct fr' - .m the plamtanpher* "Mr 
du*R within hours or ewhetorm oneel. Theae tall- 
I rVo appaniagea n th* plnemaaphar* auhaeducntiv 
drill rapidly Mon the dual isclor tousrl the 
daytime nagnatopguec. 

Invest Iga Hon of tha larga-ecala t Im* -do pendant 
flow «[ plnem* In lh* evading aactnr lndltstsi 
that von nM-latltuds pUema Hits tub*, that 
drift eaatuwrd peat the dual* tarnlnator raverae 
thalr awrlon between dusk and nldnlghr and begin 
to drift- uuitMird towrd du«V. iuch tlrno dapan- 
dsni changes In flow trnlecmrlae say ba related 
to rh* formation of f-reglon lonliatlcn cyoughe. 
J. Gaophya- Raa., Bl“*. Taper 8 OA 1820 


IplapaUy J nil In pl^aa with tha Inn lutanalty 


vnlstiona fop.dJfdn » 0 and out Of pheea for. 
43 / 40 ' r D. tb» Ih intanaliy varlatioaa «M 


HUdttii with isliHthil ugMitlei thi( c«n 


376 D Plasma action, conviction or circulation 
QUANTITATIVE SIMULATION OF A HACNETD 3 PHERIC 
8 U& 5 TOMI, 1 - OMWWllWW VII TH ' 1 HSUWAT IONS 
H. Haral (Dapartiiant of Space Phyaica and 
Aatronony, Rica Ihfvarafty, Houaton, TX 77001 ) 

R. A. WBlf, R. W. Spiro, C.-K. Qisn, Vi, J. Burke, 
f. 1 . Meh and M, Bmlddj 

9 * viral ruaulta of (ha cod put ar ilaulaclon of 
(ha bahavlar of th* Inner ma gnat oiphi.ru during 
the aubstoroi-tyjw event of 19 September 1976 at* 
dticuaied In detail. 

The model predict* 1 mod esc ring-current Injec- 
tion, is to l * 6 , wtch total st ring ch that la 
comparable Co the sttaagth estimated (ram tha 
obaarvad decrease In Dst, For (ha geoaynchro- 
noua-orblt region oa (ha dusk aide, tha modal 
predicts a characteristic energy diaparalon often 
obaarvad by HcllMln and collaborators t anafga- 
tlc lone arrive fjrat a fear aubacorra onMt, 
followed by laaa anargstlc Iona. 

The computed electric fields toapafe eetlefac- 
torlly w((h alactrlc field* maaourad from 97 - 2 , 
although (hare ara data I led differences- Thei* 
ganoral leaturas on idilch eh* modal and obaarva- 
tlona are in good agreaiunc aeel (l) the magni- 
tude and direction of th* high-latitude alactrlc 
flaldj ( 2 ) th* degree lo which tin low-iatltuf* 
lonoaphari 1 * shielded froo tha Mgh-lmtltud* 
convactlao alactrlc Ualdj f 31 (ha faet that th* 
potauird alactrlc Maid on tha duik ilda la 
algniflcantly larger, on tha avaraga, than th* 
equatoriard alaetrlt field on tha dawn aide. The 
obaarvationa Indicated ona Instance of rapid flow 
equatorMird of tha auroral cone, Involving an 
alactrlc flald of amr* than 100 nV/n. This rapid 
suhiuroral flow we Atcnrncely predicted by tha 
modal, 

Tha pradlctad o«ai-we*t aagnsCic pireurhatlona 
due to tag Ion -2 Blrkoland current* agraa aatia- 
factorlly with S 3 -? obaervatlong with ragard to 
dlrnettim, total magnlludo and general location, 
hut thar* ta an important general discrepancy! 
In noil caese, th* actual MrValani tut rente »ra 
dlatrthutad over a wider range of latitude than 
che node I would predict. Speculation* era 

p tuaented aa to passible explanations of the 

discrepancy, 

Tha modal Blrkoland currant* agree satisfac- 
torily with the averaged obaorvntlons of Tljlaa 
and Patents, In (erme of direction, it rang th and 
overall pattern, Tho coda! euggaeta a thaoratl- 
cal interpretation of the obaarvad overlap region 
neat midnight, Whore a region ol upurd Blrkaland 
curtedt la (minded on Ita equator usr 4 awi pol*- 
uard did** by region* of downward current. 

The model provide a a uaefiit picture of th* 
overall nignatoephcre-lonoiphcre torrent »y*tem> 
It also aoggaate that tho observed aapwiatry in 
tha change of the horliontal magnetic flald at 
loir-I*tltiid* ground station* during tha main 
phase of a nagnatic alorm should npt bo Inter- 
pret id alaply u Biymatrlc dawalopsant ef tha 
fonir-mageatoapharlc ring currant and the Baao- 
elated -raglon -2 Blrkaland currantl. Raglon-l 
Blrkoland currants, which connect, W the outer 
■ignat a sphere , play a major rolo tn (ha asymmetry 
of lowlBtltud* AH, whlla ovarhaad . Bill, eur r*nta 
aam to play e leaaar role, . . 

Th* modal lidicataa that the ratal Joule brac- 
ing during the event 1 * - 1 timaa th* iocraadn 
tn, ring-torrent energy, a result, that l*' 1 ° 
apparent; contradiction to usm privtoua 
ait* i, A gertirali bul highly nppraxtaaia, Anal y- 
1 t in ' argdtent ta pdeaenrad lh support of thl» 
. : 'result pf. th* almulntlon, 5 dm* simple . fprmulaa 
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— convection or circulation 
♦* M SS 5 « ifm^TWW OF A HAJWEWSPHP.BIC 
l WIOEL LOCK *N 0 OVERVIFU 
SUBSTQfOT* >* e of Space Phyaica nnd 

H. ESTuESeuy. *ww». w 

Utr r a £ If F. » R - W - 3p,rl ' W * J - 

*■ A ‘ Jra and tl. Saiddv 

,vrl*. *•>' fo! lowing t»> Miurs raport 
This tai X nr8t cuaprohoiMlve computer 
*■“!”. , .UW fcehavlot of tho earth*. Inner 
* lnU, *llSL« during a subaiorm-typ* went. Our 
n>gn*to«t»»«* " -, fln a I atontl y compute* o ec- 

caapU M.l^currante. and Umb* diawlburlons 
ir j c !!*>«• eh4 [nnar-magnotaaphora/lono- 

and velocltl** par«‘lo l aloctrlc Maid* 

neutral rinAa «ro nut Included. 
t M , «n a, P'" r ‘ w diTWl tht bnelc uqustlnn* of 

,n lh Ai H n*erlba ' hB ln F u,s * an ‘* l’ r#ia,,e *" 

the Dulel. 41 Ths ftrat append It preaonta 

0 „r*Uu * uaoful lews -I ho-mce- 

Wfl* 1 *” J/ ant curvavurc and fc ■ R drifts In 
..■rsged , aotM nic pitch aur's d‘ , ‘f |hu_ 

' , ’ U “*A second* appcd! < describes th« n'ccrlcsl 
lions. *«“r“ " eOT ,o UW r al«uUtl«n. Th* 

"ZSZcJM 1 ** ' u,t,#r * pre ' ,nt * r m0,,aI 

SSSj* — 

Ihp wriel »■ *FP 197 e. Satellite 

lMt r^ir from the Air Fore. 9 J-? estol- 
ists fptwatM/ .., #llslvi i, boch for boundary 
Utel “F* “ , comparl sons with w> 4 vl predlr- 

i ^rVto^.p*"^« 4 '"i ”" 1 ' fioid and c " nd,jcti ' 

' ‘“’'"Sij'data for iho .vent *** 1 

: J^^MtrlfVw'de 1 araw'Tganern'l err via don 

i a £~r--r5^.5.'~ 

•til iMleni of auoward plamnv flow pvlcwurd of 
' *J,*« 7 tor (ho res Ion -I SlrVolen-l enre-tn. 

« ^^«-,»Iar-cap potemlal Amrs cxap-ira-l 

(f !T t C u ‘ a,^ repraeent the first effort at 
1 Mlttu Dual coring of (hl« Important parameter 
1 larlii vsriou. rhara* of " eubatorm, «nd eho- on 
I M^rranl entanremont during the- nub.torn, 

n ,ulte from those flrst-trr .Irmln- 

Uo'ni arc tonelatani wld. «*t •>< e«(aMlshod 
tuna a, „. niM ,[| 0 n in tho Inner msgnotn- 

i 

, d,ui-lusV iivomatrv and oatnhl lahnem of ■• 

r.irllal ring curr«nt. 

• r.gophys. »»«•• p ‘" ,er aau * W 


• llt n pi 4801 ration, convection, or circulation 
ICiV STPFAIB IN THF UACH'TWAH 

r b snip, B. L. cart. u. Fetor son. and K- C- 

thcll»r i Lack heed Palo Alio Rcaearch uhoratory. 
1(51 Hsnovar Street, Pslo Alto. California' 

Ion rasa spatlramaier obaarvationa o< l “ *** 
per .rare al«««ola« pl"s«s In the ear h a 
ell are rsperted. Ilsa.ursmsnta In il™ •"•****[ 
charp.a rsoci 9 <_ 'M i V*V(e -ere mad. * • 
f cnirle redial dlstentea * H Fp f,wl "' e ' 1 
wcveroft. Ion « tears of solfr -lnd origin » 
• hi- nsvnototal I Nmndarv lover and of |..n,. r l.*ru 
••rlf In In tho toll '"bos and plae»n s*»c nrc 
•loarrlbed. v etstlettcal study of *«** of th* 
rVornclvrlillt* Of th* strsaas allow. u» 

IM. rho crnirsl tell mb. plsan.*- a** or'tnmTSlv 
ronsiltutcd ol ion stresoa ot lonuaph-r'c *«rU»n 
ini tbit tko ionosphere la J alBPlflrml ' 

tutor lo tho hot plasm™ Ihel for" I'w plasma 

r^'Jt'Vws. Hi., »U«. I 'n? ur U'QQi 


SJwO Platzi notion, evin'/ocUon, # .vr circulation 
wiAlTA OBtLFVATTOflS 07 T 1 IX htFW.ll AAVE 
CEVJtMfP W VS 

J. V. BolcMrlCKpstuont of Physic* 'Wd Cantor 
Inf space ■«***( ehl HIT. caabrlduo. KA 0?139 
t. ijoarn; iNa*-Pljn\.V.-int>.ltuX lui 
A.-rsncntel Eatlanburq-Llndou 3 , M. Oorewny. 

J. D. Suit Iran, IDoi'octnent of Phyplca ind 
Center roi Spice Rveoarch) HIT, Catabridgo. 'Cv- 

K. H. Acini iLaWatcry for kAtratwrruStrlol 
li.yius) fogdird Eparo Flight Con tor. Oioontult . 
“D 20771 . 

ha havj eisnlrod tho changes In poaltlvo ion 
flu* obuned Ly the '.'ey boot 1 Plasma Sciatica 
Initrunaat nsar tho lo flu* tubo. The iraaouri.— 
rente are o-oialatent with tho detection of 
viilotlty pjrtuiDatl'ona In tha m-ignotoaihorU- 
•low duo to tho mr.jU, warily ptopsiatln-i Allvdn 
vain genersted by To. 

Thla coDoluitcm la booud on n thaorwtlcal 
•IcilatUn o! tno do taetor reiFonso ualnoi II) 

Fiasco droll tic a and tcm-oiatutuo tLxIvOd 
fros tho Inrouad obsotvatlons nt tho lo l.-ahulli 
I !1 tho rugrotlc flald r-.Ttu teat Injis chagrwd 
nutk*Mnd near lo, nnd U) tho velocity portur- 
Utloaa dsrivtd theoretically from those oug- 
setle field perturbatlrtiO, using tho standard 
Ait-.wn wsvo nlstlono. This limulatlon r , rod UkU * 
issuits wtlre ere qualltatlvoly in agrOiirnM. 

•dth th> oDaorvatlcxia. In particular, the 
resolv'd * ilue * •■“ only consistent with a 
southwardly propagating Mfvdn wave . 

I- Ctoyhye. *«»., bluo, fay», BOALbAl 


5,7 9 Shori-pariod tlaaa than 1 day) warlationa ot 
ugsitic n,i J 

y® W. 5 C 5 ANCE 5 IH A MLALTSTIC HACNETQ- 
SPBUIC HAOlETlC FIELD CEJHETFT 
| SIn |Sr (Dapt of Astronomy, Bouton Unlvsr- 
«t 1 , Roil oo, HA 02215 ) D. J. Baurhwood, R. 3 . 
siller, ml Kl Ci M uel»oo 
The notion pf sag na tlc flald line raaonanca h** 
eon vatj ef [«cttw« in explaining many fentur** nF 
l*ea>gnatlc puliitlons. To dais the 
, 9 ™ itsdavirae wuvo equations have been 
■ ived In , osjnsUc dipole flald uheraai only 
■ sppr»rlni[a solutions havo baen used In mar* 
of Ha have flaeslnped s .olutlan 

Ii«ii* “ ,t 0 l, F ,, d aquotloos lo * general magnetic 
J, 8 " w *tty Including ths offacta of dsoalty 
»«P«ltla B . The aim of thia paper l* 

. * , ■ *®E twmlno the affect on mLgeafte- 

,f ml, F lha field giMatry by kaep*"* 
rt ’ "Ww along all field Itn**. Ha re- 
lit. J varlallona In wave period pra- 

., 'bn gtoarid and In apace by uatng ths 


ff* ... . . “ W »?■»*« »> '*•*“** 

ll»ldt 041 W,U, * r n * 8 n * C 0 S F harU lc 


J* tot solution. For example, on the 
«lon W n »|R«Ll': latitude th* dluTtnl vatl- 
l t , " 5 p,rtB4 *«■ tu field geometry l» larger 
< 1 * 14 *i« ,w of J - At 6,6 Rg, where the dipole 
fff Jllnr ,. ,rw W 4 oroaaes (he negnetoapharlc 
Iitiod ‘ l * hegURlMa diurnal variation In 


Iltlnl ,, *• uegnBiDie bidhu — 

H le0t diurnal variations In period 


flsae i! wl| *l diatanci In tlie.*gu* tor,Bl 
fij ***** "«« only at dutanco* 710 F.g. 

I: lk * field geeauty la aboun to be 
h ll " ^et*rnln*tlon of on danalty 

J| wvie ,v * tBin H puliation obaarvationa. W« 
rin h . * l*P«rt of our raeulta in lnrarptetB- 
I. L* •WFBMrt data. 

p /■> R«»., Blua, Paper 40 * 1.801 


physical Properties of 

Rock* 


tha nonapharlCaL ahspa of th* tatagaa laeluslont. 
Six pirtnacarli ara needed to gaanttfy tha n»del 
fully: two alMtic r.oduli for tha host rock, two 
for tha inclusions, the karogto content, and the 
taclijaton algdte ratio, 

Ths nodal 1 * compared to a sst of atatltally 
Deaaurod alaatlc moduli. Hood agrseoent with lean 
oil sbala data vaa found. Homiir, eana eyateoaclc 
dlffsrincis appear In conp*rI*on with noiull tea- 
surad ultfMprtlcalU. 

CmphyaVcs , vol. It, Ho . 2 


evplainad by loading from nnnllnasr water tldme 
in ihe fiulf of California and (ho Pacific Jcaanj 
the ronlduul oanllnonr tide 1 * b 5 db lose than 
tho H, tlda. The elpnal *t tbteo tlr.es <•'« H 2 
frequency I* (oopnilblo with a 1 1 roar nc'Jai or 
with nonlinear hystaresli loop* provided that 
nonlinear dissipation orenr* throughout the 
Farlh. Sonllrwar diuilpatlon In the racka near 
the strslcntter would produce s larger algiuil 
than la seen. 

3 . Gaophya, Eos., F* 4 , Fapor 60617 It 


61 IQ Elasticity, fracture, and (low 
FREQUENCY DEPENDENCE OF SEISMIC D 1931 FAY 1 DI 1 IN 
SATURATED R 0 CN 6 

B. R. Tltcaiann (Rockwill Intetnatlensl Science 
Center, Thousand Oaks. California 91360 ) 

H. ilsdlet, V. A. Clerk. L. A, Ahlbarg, and 
T. V, Epentur. 

NsaaursDancs of the specific dissipation factor, 
q- 1 , bava bean node In aaturatad roclt a* ■ tuni- 
tlna of sited We yrealuio. Th* aaasuceoents 
ware oadu at two different fraqusncfoa, ona In 
the tang* of 1 QD to 250 IU and ths other In ths 
range of 7 to 9 Ule, using th* resonant her 
nnthod. In saturated teck., Q"‘ la lower at tha 
lower frequency, and the dlfferanc* between the 
valuta ol Q -1 oaasurad at th* high and low Ira- 
quonrlea decreasss ■■ ellectkva praiame incioaoct. 
At effective pCMtutt* groaear then 700 her*, the 
i)-*ot aaturatad Berea aandatona oaaaurod at 20 Q St 
approaches that of dry Barca londsion* oaaaurod at 
7 kH>. ISeleolc dkselpeilcs, astursied tuck, 

fsqefis? i enSBtt’ w aoiuei 


fracture, aod flow 

%n,,, DIk ANIBOTROPtC ELASTIC 

wHTi. 1 Ml SflAUE . 

5561 , Sandla LsbcraWrla*, 
* 81 K**! W. Schuler " 

»U cf i,«_ ?f* 4,ct *h* ami*otrot>io alaatlc mod- • 
*I'a 611 ‘hsla 1 * fomilatnd. Defancaclbli 
u i»l* l. . •Hipmuldai inclusion tn.« hO*t • 

_ * Uaad aa tha « rh. dajr- 


6110 Eloyllclty, fraclure, and Mo* 

M 0 WATW 6 EMUAIC CREEP «fl> t«l ASEISHC SLIP 
8 EHAVI 0 R OF THE CU.AHRA 5 FAULT NORTH OF 
HOLLISTER, CALIFORNIA 

k. Evant, R. Burford lOfflce of twinquAra 
LLdllei. U.S. Gsolooitil .urvey. 3 «S Hlddlpf laid 
Road, Menlo Park, CA 940 J 5 . U 5 AJ and 0 . C. t. 

A^delolled Vln*mailt iludy ol Iwll "<P o* 1 ; 
currlng Mom the surface lo a depm of about J 
km on the Calaveras Mult north of HoMIktor wii 
conducted during tht iunnor of ! 9 > 7 . The oh- 
iervaUonv coincided with * period of propagat- 
ing spltodf: fault creep activity w«»d *mn 9 
the fault tr ace. Dais used l« me Investigation 
COntl -,1 or oreepmeler recordv. «o«r-fi«M »W*ln- 
iwWr obitrvationt, snd hlgh-rasoiullon geodetic 
acaiuremenU, all collected eontefiporanoousty 
ovur a perldil of four months. Detailed ioui'p- 
llons and analytes ol ihe cre*peeL«r f* qcolet'E 
•Jiu nave been priiemed elsewhcro. Ife near- 
field strain measurement* *'* here roported In 
detail and their analysis draws upon lha previ- 
ous l*o dais cels for support. The slralnnxiter 
observations are most sensitive lo slip occur- 
ring in the upper L*o k iltweiers. henco ihe m* 
phasli of the paper li placed upon M i ro'« « 
pvopsgiUng episodic creep in the broad-scale 
behavior of the fault. 

Tho result', iuogetf tnat propagat ng episodic 
fjuli creep as sensed along l h « ,wU s 

Conflnel lo the WGer HlomeWr or so of Ihd 
-rust and repidseni*. ihe response of mo surfice 
layers to a longer-term form «* episodic 4 -«t.' *'t 
slip otcurvit ‘9 be' 6 ** ' h,! ,a ‘'' ° f . 

3 . mcing rupture fronj allhln the upper i . i lome'C r 
I- ostensibly the '.aw as that indicated by re- 
iords f" M tie surface ere^Ujs. tvkWW. 
preienled, however. .Rich suggests ‘ 8 al prop! 
gating creep events msy not ajwiyj brook the su 


gating creep events may not ajwiyj break Ihe sur- 
face. m l may propaqale ai »olocU*« w, c*> 

5^ssfed!f« atfUM 1 "*'- 


6H0 * l ««^ l Jj; , lt 5S! t F5?DENCE ™« mn Tl ° e .® 

Un '£'X for fc ra.; 


k|:il FlultlM) »f silt, - 

SQUAT I t'HS Of 5741 k OF Old IILTI-B FIAT If PRFSnUhf 
CONDITIONS 

J. r. Kac&iiw, U. »- Kio, "ini F. K. Bu 21 !«•«- 
phyaleal luiborutorv, 3*01 Up'<*n Si., H.U. • U-inh- 
Ington. P.C. 300061 

FApn mental wul Sc l,l*h-piu««tu data on tha 
velars equation of aialu *>l tiro »l and M 3 phnvv 
of CuO In lh# ran** I bar-eiO kbar JgrOu with 
axlatlnx low-presaurs d.ltn nml with nn squatl'W 
uf slits ealculatti from iMdt-wjve expurlrcnta. 
Thu dona It-.' vf tha B 7 phase I* cl n *e t° 1,1,1 ,lf 
rh, lower mantle, eo chu ptrportloa of ti» cMild 
‘m conelatunl with shout las of th* earth i for- 
ration hy lnhncr.£«nuo>ie accretion. ICaO. pro«- 
aurs, EOS, nsnrlel. 

Cuphya. Rue. Ult., Fapor B 0 I 17 S) 


a r * i ■ i I H ifk ',(1 'lUJ HwIsLfl f • •*l'*' 

il i; 4 ;..;ran*l *..*0 lUear-w.ive vvloc.r 

wurcJ in the luborstorv (ton *' 

SiTA-ur-*- « 

in th. MlilletoP Main. North »«•* 

behave .. rr.navar.uly Rwoplc - ^ 

nlantt ftf circUU' iVCOlH tOlMWlW . n> . 1 

Sina vV^n*. Far ^nprgfMlonM OTi rt-n 

i. hLshar for ptopaRitlon If. the bedding plan* ,hgn 
*; .I I.r .5 U, *nd the aalaetropy <9 »tm- 

or (a th. 5 W>-». i 

wavs Mtpandloular ro bedding and thf “* 
pnratlal to bedding propngato ^lb'h..aa...P»«a 
which is about ?S parent lower thee that Tor the 

‘Sas»s^^==ais*«- 

J "■**“■« « r r 

illilpil^ 

a Ion, and f*«*L l on 4 a«g* ‘ n 

Geophyalca, VOl. * 6 , Ro -3 


61 W ElMtlcUy, f* ,c >“ r * * nd ,lw ' 

S~Hris=s... 

ssss- 

lima a tore, gr.nlt. and nil nh. 1 *. 

th* K|/N r . Iw ,_ V)r lh! IJlMltOl*« tl ® 1 

dan»icy* . ac i. t «d wl th pov* col- 

crack, generatad du* •"* J ,*lat. S.«i 

^;;.it".!^-«nrw»hp(.raut..t. 

value of about 0 . 7 . 
oraphy*. *»• ww MU 


Planetology 


AUlD AtooBpbeTBt ol pl*ii»l 6 


fCUATOKlAL AKGHAIX ffl TUB JOVXAN J«. 0 S- 

PHEfiB . . . 


rnum _ 

a.K. ItaMjen (fttional Phy«loal Uto- 
retory, Han DaUil, llo Okfi, IndLa) 

Tha aKatron eoooontratAop data Xros 
Pienaar lo apd U and foyAger 1 and B 
Indloata tn* pF*eenc« of •quaLorlal 
anoMly Id tha Jovian toita* ptmr* » wltn 


the peak electron cwiouatratlon iralua 
ihovlns a nlnlaum near tha equator. 
(Pioneer 10 arid U, Voyagor L and E, 


iri 0 UM«r - 9 *i - w 

oau&torLoL Ohoaftly* Jovlu lonoopnoro ). 

I'wophvu ■ *«•■ im.. '■•■l , <r HOI 17 *--I 


(.'..-(i SurliiLV <llra» km> <•! ‘‘.••in 

|,;t IH IHF IvlJlR RtNIi'N*- I'F THE H-'ICI 

t. J. Uni-r-ui irall ljib>I-it«(lvH, Ko.tCV« 111 11 . 

K.I., W. I, Bfwn. and *. k. I*'hni''n 

Paec-nt lab.-r.iiorv iwuiarMi*" < - f the oranl ** 
of |fji lea s«u iHcJ l«* -ar lr.it* the t 1 '* 1 * 

„1 pDinlhU tiaypP'l "v-Utllea" l" «•>*■ 1 1,1J 
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